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Description 

FIELD OF INVENTION 

s [0001] The present invention relates to methods for identifying substances that act as ligands for cloned receptors, 
as well as a test kit for use in the methods. 

BACKGROUND OF THE INVENTION 

io [0002] Many of the targets for pharmaceutical drug discovery are ligands for receptor proteins, many of which have 
recently been cloned and pharmacologically characterized. Now that a large number of receptors have been cloned, 
a major goal of the pharmaceutical industry is to identify ligands for these receptors by screening vast libraries of 
substances. Unfortunately, with available methods and technology, a major limitation in the drug discovery process is 
the time and expense required to screen these libraries against so many targets. 

is [0003] The first step in the characterization of ligand interaction with a cloned receptor is to express the receptor in 
a ligand sensitive form. While a few receptors can be expressed in easily manipulated model systems such as yeast 
and E. coli, the interactions of ligands with most receptors are influenced by post ranslat ion al modifications that are 
only present in mammalian cells, and many of these receptors require mammalian proteins to accurately transduce 
their biological effects. Thus for wide applicability, an assay system must be based on expression of cloned receptors 

20 in mammalian cells. 

The ability of ligands to interact with receptors can be evaluated by competition with a labeled ligand (eg. radionucle- 
otide) for a binding site on the receptor. Such assays are popular because they involve relatively few steps. Also, since 
binding often does not require interaction with other cellular proteins, these assays are less sensitive to factors such 
as levels of expression of the receptor and the cellular environment. Recently, technology such as the Proximity Assay 

25 (Amersham Co) has further simplified these assays making automation and mass screening possible. Binding assays 
have many limitations: (i) For many technical reasons, binding assays are almost always performed in nonphysiological 
buffers. These buffers often markedly influence receptor pharmacology, (ii) Agonists and antagonists are not reliably 
discriminated in binding assays, (iii) Only binding sites for which labeled ligands are available can be studied, (h/) Since 
only modest levels of receptor (binding site) expression have been achieved in mammalian cells, propagation of re- 

30 ceptors is a major expense in these assays, (v) The vast majority of labeled ligands are radioisotopes, the purchase, 
handling and disposal of which are major expenses. 

[0004] To reliably discriminate between agonist and antagonist ligands, a response of the receptor must be measured. 
Responses to agonist activation of receptors are commonly measured as altered activity of various endogenous cellular 
proteins. Examples include measurement of second messengers such as cAMP (adenylyl cyclase), phosphoinositol 
35 metabolism (phospholipase c), tyrosine phosphorylation, and ion channels. All of these assays require the use of cells 
and/or cellular preparations that have a high degree of biological integrity, and these assays include many complex 
and expensive steps (Schlessinger and Ullrich, Neuron 9, 383 (1992); chapters in Molecular Biology of G-protein- 
coupled receptors, M Brann, ed., Birkhauser (1992)). 

[0005] A strategy that has been used to avoid the time and expense of measurement of endogenous proteins is to 
40 express conveniently assayed marker proteins that can be controlled by activation of the receptor. For example, re- 
ceptors that control levels of transcription factors can be assayed using markers whose expression is under the tran- 
scriptional control of these factors. While this approach has led to convenient assays of receptors that are known to 
function as controllers of transcription (eg. steroid/thyroid hormone receptors, Evans (EP 371 820; WO 91/07488); 
Spanjaard et al. Mol. Endocrinology 7:12-16 (1993)), these assays have proven to have limited utility when applied to 
4$ cell surface receptors, presumably because of the more modest transcriptional control that these receptors exert. Other 
than the assays that are based on transcriptional control, no approach has been described to assay receptors via 
recombinant markers that can be conveniently measured. 

[0006] Another approach is to express the receptors in specialized cells that have endogenous response mechanisms 
that allow convenient assay of ligand activation of the receptor. Two examples include the RBL cells and melanophores. 

50 in RBL cells, muscarinic receptors that stimulate phospholipase c enhance the release of the enzyme hexosaminidase 
(Jones et al., FEBS Lett. 289, 47 (1 991 )), a conveniently measured response. In melanophores (cultured pigment cells) 
cloned receptors that change cAMP levels alter cellular color, a response that is similarly easily measured (WO 
92/01810; Potenza et al., Anal. Biochem. 206, 315 (1992)). The limitations of these assays are that only certain func- 
tional types of receptors can be measured. Also, while the assays are relatively convenient, there are limitations inherent 

55 in the endogenous responses and cells that are used. 

[0007] When exposed to ligands, a wide diversity of receptors are able to alter the pH of the media that is used for 
cell culture. These pH changes are small in magnitude and require expensive instrumentation for measurement (Cy- 
tosensor, Molecular Dynamics Co.). This device is not compatible with other instruments that are used in mass screen- 
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ing (eg. use of a 96 well plate format) and because samples must be incubated within the instrument for several minutes, 
there is limited sample throughput. 

[0008] A theoretical limitation inherent in all of the above assays is the inability to assay a given ligand against more 
than than a few receptors at the same time. For example, radioligand binding assays can only be multiplexed to the 

5 extent that different and distinguishable radioisotopes are available (eg. 3 H versus 125 l). Because of their limited dy- 
namic range, incompatible assay conditions, and the fact that many receptors cannot be distinguished from one another 
based on their functional responses, second messenger responses, and most other biochemical effects of receptors, 
are not at all amenable to multiplexed assay Similarly, the RBL assay, melanophore assay, and CytosenorpH assays, 
are only applicable to assay of a single receptor at a time. 

w [0009] Another cellular response that is shared by many receptors is the ability to alter cellular growth. Nl H 3T3 cells 
are a fibroblast cell line that has been extensively used to evaluate the activity of large diversity of gene products that 
control cell growth, and a number of receptors are able to control the activity of these cells when stimulated by individual 
ligands. Examples include nerve growth factor (NGF) which stimulates growth only when these cells have been trans- 
fected with trk A receptors (NGF receptor) (Cordon-Cardo et al., Cell 66:173-183 (1992); Chao, Neuron 9:583-593 

is (1 992)), carbachol (a muscarinic agonist) stimulates cells transfected with certain muscarinic receptors (Gutkind et al. , 
Proc. Natl. Acad. Sci. USA 88, 4703 (1 991 ); Stephens et al., Oncogene 8, 1 9-26 (1 993)), and norepinephrine stimulates 
cells transfected with certain alpha adrenergic receptors (Allen et al., Proc. Natl. Acad. Sci. USA 88, 11354 (1991)). 
After long-term stimulation with agonist ligands, the cells change a number of characteristics including cellular growth, 
loss of contact inhibition, and formation of macroscopic colonies called foci. The ability to induce foci in NIH 3T3 cells 

20 is a common characteristic of cancer-associated genes (oncogenes). 

[0010] The ability of receptors and other gene products to stimulate growth and induce foci in NIH 3T3 cells correlates 
with the stimulation of individual second messenger systems. Trk A receptors stimulate tyrosine phosphorylation (ty- 
rosine kinase receptor), and many other genes that stimulate tyrosine phosphorylation stimulate growth and focus 
production in NIH 3T3 cells (Schlessinger and Ullrich, Neuron 9, 383 (1 992)). Certain muscarinic (Gutkind et al. , Proc. 

25 Natl. Acad. Sci. USA 88, 4703 (1991)), adrenergic (Allen et al., Proc. Natl. Acad. Sci. USA 88, 11354 (1991)) and 
serotonergic (Julius et al., Science 244, 1057 (1989)) receptors that stimulate phospholipase c, also stimulate growth 
and focus formation in NIH 3T3 cells. In the case of the muscarinic receptors, the ability to stimulate foci and phos- 
pholipase c have exactly the same dose/response characteristics, suggesting that these responses may be used as 
assays for ligand interactions. Unfortunately, these assays offer few advantages to the approaches described above. 

30 Focus assays involve a response that requires at least two weeks of cell culture, and are confounded by qualitative 
changes in patterns of growth. Direct measurement of cellular growth has also been used to measure effects of ligands. 
The most commonly used assay is 3 H-thymidine incorporation (Stephens et al., Oncogene 8, 1993, pp. 19-26). These 
assays are neither convenient nor inexpensive to perform. 



35 SUMMARY OF THE INVENTION 



[0011] It is an object of the present invention to provide an improved method for identifying ligands for cloned recep- 
tors. 

[001 2] It is another object of the present invention to provide a method for identifying ligands by simultaneous screen- 
40 ing of compounds for activity at multiple cloned receptors. 

[0013] It is a further object of the present invention to provide a method for measuring ligand concentrations by 
activity at cloned receptors. 

[001 4] It is still further object of the present invention to provide a method for employing recombinant signaling mol- 
ecules to facilitate assay of ligands for additional cloned receptors. 
45 [001 5] It is a still further object of the present invention to provide a method to identify DN As encoding receptors for 
ligands. 

[001 6] It is a still further object of the present invention to provide a method to identify mutant forms of receptors that 
have altered ligand dependence. 

[0017] Accordingly, the present invention relates to a method of detecting a substance capable of acting as a ligand, 
50 the method comprising, 

(a) incubating, under conditions permitting cell amplification, cells transfected with DNA coding for a receptor ca- 
pable of influencing cell amplification in response to a ligand, the cells comprising a marker of cell amplification, 
with a test substance which is a potential agonist or antagonist of the receptor, and 

55 

(b) after a period of time sufficient to permit cell amplification, determining the presence or absence of amplification 
of cells. 
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[0018] In the method of the invention, a mixture of transfected and nontransfected cells will typically be present in 
step (a). When a test substance is added to the mixture, its ability to act as a ligand for the receptor of interest is 
determined in terms of its ability to confer a competitive advantage on the cells in the mixture which are expressing 
that receptor, relative to the cells which do not express the receptor. For example, as a rule, whether in vivo or in vitro, 

5 a cell population expressing a receptor will respond positively to a ligand by an overall enhancement of cell function, 
one aspect of which may be increase in growth rate, or loss of contact inhibition. Applying this observation to the 
practice of the present method, in vitro, all cells in a culture are essentially in competition with each other; when cells 
expressing the receptor of interest (transfected cells) are stimulated by a ligand, the enhanced function of the stimulated 
cells will permit them to flourish at the expense of the nonstimulated (nontransfected) cells. Thus, if the ligand being 

10 tested is an agonist of the receptor, the transfected cells in the mixture will be preferentially amplified in response to 
the agonist, in comparison with nontransfected cells. In other words, the transfected cell population will expand at a 
greater rate than will the nontransfected cells. In the present method, the transfected cells are distinguishable from the 
nontransfected cells in the mixed population by the presence of a marker in the transfected cells. Only when the trans- 
fected cells have been stimulated by the test ligand will the amplification signal (the marker) accumulate. 

is [0019] When the ligand is an antagonist, the action can be determined similarly, but in reverse, i.e., the cells containing 
the marker will be at a competitive disadvantage relative to the untransfected cells, the population of which will expand 
at a greater rate than the transfected cells. However, it is preferred that the assay for antagonists be conducted in the 
presence of an agonist, and the observed effect is a decrease in the amplification response brought about by the 
presence of the stimulatory ligand alone. 

20 [0020] In another aspect, the present invention relates to a test kit for detecting a substance capable of acting as a 
ligand, the kit comprising, 

(a) frozen cells transfected with DNA coding for a receptor capable of influencing cell amplification in response to 
a ligand, the cells comprising a marker of cell amplification, said marker being one the expression of which is 

25 independent of a transcription factor, 

(b) a medium for growing the cells, 

(c) a reagent for detecting the presence and quantity of the marker. 

30 

[0021] This test kit is useful for an embodiment of the present method in which the ligand activity of the test substance 
(or potentially a large number of test substances) is determined by means of a single receptor (the embodiment of 
method of the invention termed the Single Receptor Format below). 

[0022] In a further aspect, the present invention relates to a test kit for detecting a substance capable of acting as a 
35 ligand, the kit comprising, 

(a) frozen cells transfected with DNAs coding for two or more distinct receptors capable of influencing ceil ampli- 
fication in response to a ligand, each transfected cell, when cultured, expressing an individual receptor, the cells 
further comprising a marker of cell amplification, 

40 

(b) a medium for growing the celts, 

(c) a reagent for detecting the presence and quantity of the marker. 

45 [0023] This test kit is useful for an embodiment of the present method in which the ability of the test substance (or 
potentially a 

[0024] large number of test substances) to act as a ligand to a specific receptor is determined by incubation of the 
test substance with at least two receptors, and potentially a large number of receptors simultaneously (the embodiment 
of method of the invention termed the Multiple Receptor Format below). 

so [0025] The present method represents a significant improvement over the screening assays of the prior art. Typically, 
the known "growth" assays require direct observation of increase of receptor expression, and are generally quantitative, 
e.g., results are quantitatively determined by the incorporation of a radiolabeled reagent over a period of time as an 
indicator of cell growth. In many cases, such as focus assays, the indicator of cell growth, i.e., focus formation, sought 
in the assay may take several weeks to develop. In addition, it is common that distinct test cell and control cell lines 

ss have to be established before screening ligands can begin; consistency of results is difficult to achieve when working 
with separately cultured cell lines. Such assays are thus not only time consuming, but also quite costly. In contrast, 
the present assay is essentially qualitative: ligand-induced enchanced cell function of those cells expressing the re- 
ceptor is determined by observation of amplification of the transfected cell polulation relative to the untransfected cell 



4 



EP 0 708 922 B1 

population from the same culture. The amplification is readily confirmed by the observation of the enhanced expression 
of a marker gene (e.g., an enzyme which produces a visually detectable product when reacting with its substrate) in 
the transfected cells. Separate control cell lines are not necessary, and the results are observable within a matter of a 
few days. 

5 

Definitions 

[0026] In the present description and claims, the following terms shall be defined as indicated below 
[0027] A "test substance" is intended to include any drug, compound or molecule with potential biological activity. 
10 [0028] A "ligand" is intended to include any substance that either inhibits or stimulates the activity of a receptor. An 
"agonist" is defined as a ligand increasing the functional activity of a receptor (i.e. signal transduction through the 
receptor). An "antagonist" is defined as a ligand decreasing the functional activity of a receptor either by inhibiting the 
action of an agonist or by its own activity. 

[0029] A "receptor" is intended to include any molecule present inside or on the surface of a cell, which molecule 
is may effect cellular physiology when either inhibited or stimulated by a ligand. Typically, receptors which may be used 
for the present purpose comprise an extracellular domain with ligand-binding properties, a transmembrane domain 
which anchors the receptor in the cell membrane and a cytoplasmic domain which generates a cellular signal in re- 
sponse to ligand binding ("signal transduction"). In some cases, e.g. with adrenergic receptors, the transmembrane 
domain is in the form of up to several helical, predominantly hydrophobic structures spanning the cell membrane and 
20 part of the transmembrane domain has ligand-binding properties. 

[0030] A "tyrosine kinase receptor" is intended to include any receptor that has intrinsic tyrosine kinase enzymatic 
activity. 

[0031] A "tyrosine phosphatase receptor" is intended to include any receptor that has intrinsic tyrosine phosphatase 
enzymatic activity. 

25 [0032] A "chimeric receptor" is intended to include any combination of two or more receptors where the functional 

"signal transducing" component of one receptor is fused to the ligand binding component of another receptor. 

[0033] A "chimeric G-protein" is intended to include any combination of two G-proteins where the effector binding 

component of one G-protein is fused with the receptor binding component of another G-protein. 

[0034] "Gq-i5" is defined as chimeric G-protein consisting of the G-protein Gq in which the five amino acids of the 
30 C-terminus are replaced with the C-terminal five amino acids of Gi. 

[0035] "Gi" is intended to include any G-protein which when activated inhibits the enzyme adenylyl cyclase. 

[0036] "Gq" is intended to include any G-protein which when activated stimulates the enzyme phospholipase c. 

[0037] "Gs" is intended to include any G-protein which when activated stimulates the enzyme adenylyl cyclase. 

[0038] A "G-protein-coupled receptor" is intended to include any receptor that mediates signal transduction by cou- 
35 pling with a guanine nucleotide binding protein. 

[0039] A "G-protein" is defined as any member of the family of heterotrimeric, signal transducing guanine nucleotide 

binding proteins. 

[0040] "Signal transduction" is defined as the process by which information from ligand binding to a receptor is trans- 
lated into physiological change. 
40 [0041] An "oncogene" is defined as any gene that is able to stimulate focus formation in NIH 3T3 cells in the absence 
of any ligand. These genes are often associated with cancerous tumors. 

[0042] A "transcription factor" is defined as any substance that is able to alter the transcription of a given gene. These 
factors are often proteins that bind to regions of DNA which modify the activity of a promoter. 
[0043] "Transfection" is defined as any method by which a foreign gene is inserted into a cultured cell. 
45 [0044] A "marker" is defined as any substance that can be readily measured and distinguished from other cellular 
components. The marker may be the transfected receptor DNA, the transcribed receptor mRNA, an enzyme, a binding 
protein or an antigen. 

[0045] A "cell" useful for the present purpose is one which has the ability to respond to signal transduction through 
a given receptor by cellular amplification. 
so [0046] An "aliquot" is defined as a portion of transfected cells provided on a solid support, e.g. a microtiter plate, test 
tube or microbead. 

[0047] "Amplification" is intended to indicate the growth of receptor-transfected cells, in particular relative to the 
growth of non-receptor-transfected cells. 

[0048] "Altered growth characteristics" is intended to indicate enhanced or decreased growth of receptor-transfected 
55 cells relative to non-receptor-transfected cells (background) cultured together with transfected cells. Cells incubated 
with an agonist will typically respond by enhanced growth or, in some cases, formation of foci on the culture plate. 
Cells incubated with an antagonist will typically respond by decreased growth. 
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Utility 

[0049] The present invention is based on the ability of certain receptors to modulate cellular growth in a ligand- 
dependent fashion. The present method may be employed in two formats. In the Single Receptor Format which is 

5 particularly applicable to the detailed pharmacology of a single receptor, the ability of ligands to selectively induce the 
growth of receptor-transfected cells has been linked to induction of convenient markers. The Multiple Receptor Format 
which is applied to the assay of potential ligands against a large number of receptors simultaneously utilises the ability 
of ligands to selectively induce markers that are unique to individual receptors in cultures which are mixtures of cells 
transfected with several receptors. 

10 [0050] The Single Receptor Format allows the convenient assay of the interaction of agonist and antagonist ligands 
with individual receptors. The Multiple Receptor Format allows the convenient assay of the interaction of agonist and 
antagonist ligands with several receptors at the same time. 

[0051] The Single Receptor Format involves very few steps; no expensive reagents; ability to quantitatively discrim- 
inate partial agonists, full agonists, and antagonists. Because the assay relies on transfections of recombinant receptor 

is and marker DNA, the assay can be performed with a wide variety of receptors, markers and cell types. In addition to 
these properties, the Multiple Receptor Format represents the only method known to the inventor which can be applied 
to screening for ligand activity against large numbers of receptors simultaneously. Thus, the Multiple Receptor Format 
is particularly suitable for use in a drug screening programme wherein "hits" (that is, substances with ligand activity) 
may be identified quickly from among a large number of test subtances. 

20 [0052] Receptor-based assays can be used to evaluate the concentrations of known ligands. The ligand to be meas- 
ured may be incubated with transfected cells according to the present method. The major difference between chemical 
or immunologically based assays, and receptor-based assays is the fact that receptor-based assays measure the 
functional effect of the ligand. One application of this feature is in pharmacokinetic analysis of compounds. In these 
assays, receptor-based assays would detect active metabolites that may be missed by chemical or immunological 

25 techniques. Receptor-based assays would ignore inactive metabolites. Such data would be very useful in evaluating 
the role of occupancy of a given receptor in the therapeutic effect of test compounds. Another application of this ap- 
proach is to identify the pharmacological properties of bodily fluids where drug history is unknown. One such application 
would be in illicit drug testing. In this case blood could be tested for ability to activate opiate receptors to determine if 
an idividual had consumed one of many opioids. 

30 [0053] Another use of the present method could be to newly clone receptors to given ligands from cDNA libraries. 
Pools of cDNAs from a cDNA library may be screened for activation by a given ligand. Which cDNA in a given pool 
that encoded a responsive receptor would be identified by transfecting each cDNA in the library until the responsible 
receptor was identified. The strategy would be analogous to that illustrated in appended figure 11 , except that unknown 
cDNAs are used for the transfections. 

35 [0054] In a further use of the present method, libraries of a given receptor may be prepared by amplifying a specific 
gene from several individuals, tumors, tissues, or randomly mutated pools. These libraries of cDNAs can then be 
screened by transfecting pools of DNAs into cells, and growing the cells in the presence or absence of ligand. This 
strategy is likely to be particularly powerful when applied to identification of constitutively active versions of receptors 
(e.g. certain oncogenes) 

40 

DETAILED DESCRIPTION OF THE INVENTION 

Single Receptor Format 

45 [0055] In one embodiment of the present method, cells are transfected with DNA encoding a single receptor. 

[0056] Transfection may be performed according to known methods. In general, a DNA sequence encoding a re- 
ceptor may be inserted into a suitable cloning vector which may conveniently be subjected to recombinant DNA pro- 
cedures. The vector may be an autonomously replicating vector, i.e. a vector which exists as an extrachromosomal 
entity, the replication of which is independent of chromosomal replication, e.g. a plasmid. Atternativefy, the vector may 

50 be one which, when introduced into a host cell, is integrated into the host cell genome and replicated together with the 
chromosome(s) into which it has been integrated. 

[0057] In the vector, the DNA sequence encoding the receptor should be operably connected to a suitable promoter 
sequence. The promoter may be any DNA sequence which shows transcriptional activity in the host cell of choice and 
may be derived from genes encoding proteins either homologous or heterologous to the host cell. Examples of suitable 
55 promoters for directing the transcription of the DNA encoding the receptor in mammalian cells are the SV40 promoter 
(Subramani et al. , Mol. Cell Biol. _1 (1 981 ), 854 -864), the MT-1 (metallothionein gene) promoter (Palmiter et ai., Science 
222 (1 983), 809 - 81 4) or the adenovirus 2 major late promoter. 

[0058] The DNA sequence encoding the receptor may also be operably connected to a suitable terminator, such as 
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the human growth hormone terminator (Palmiter et al., pjx cit). The vector may further comprise elements such as 
polyadenylation signals (e.g. from SV40 or the adenovirus 5 Elb region), transcriptional enhancer sequences (e.g. the 
SV40 enhancer) and translational enhancer sequences (e.g. the ones encoding adenovirus VA RNAs). 
[0059] The vector may further comprise a DNA sequence enabling the vector to replicate in the host cell in question. 

s An example of such a sequence (when the host cell is a mammalian cell) is the SV40 origin of replication. 

[0060] The procedures used to ligate the DNA sequences coding for the receptor, the promoter and the terminator, 
respectively, and to insert them into suitable vectors containing the information necessary for replication, are well known 
to persons skilled in the art (cf., for instance, Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York, 1989). 

to [0081] Cells which may be used in the present method are cells which are able to respond to signal transduction 
through a given receptor by cellular growth. Such cells are typically mammalian cells (or other eukaryotic cells) as cells 
of lower life forms generally lack appropriate signal transduction pathways for the present purpose. Examples of suitable 
cells are cells of the mouse fibroblast cell line NIH 3T3 (ATCC CRL 1658) which respond by growth to Gq and tyrosine 
kinase receptors as well as oncogenes (e.g. ras (cf. Barbacid, Ann. Rev. Biochem. 56, 1987, pp. 779-827) or p53), 

15 mutant G proteins (cf. Kalinec et al., Mol. Cell. Biol. 12, 1992, p. 4687); RAT 1 cells (Pace et al., Proc. Natl. Acad. Sci. 
USA 88, 1 991 , pp. 7031 -7035) which respond to changes in cyclic AMP mediated by Gi and Gs receptors; and pituitary 
cells (Vallar et al., Nature 330, 1987, pp. 556-558) which also respond to changes in cyclic AMP mediated by Gi and 
Gs receptors. 

[0062] Methods of transf ecting mammalian cells and expressing DNA sequences introduced in the cells are described 
20 in e.g. Kaufman and Sharp, J. Mol. Biol. 159 (1982), 601 - 621; Southern and Berg, J. Mol. Appl. Genet. J (1982), 327 
- 341; Loyter et al., Proc. Natl. Acad. Sci. USA 79 (1982), 422 - 426; Wigler et al., Cell 14 (1978), 725; Corsaro and 
Pearson, Somatic Cell Genetics 7 (1981), 603, Graham and van der Eb, Virology 52 (1973), 456; Neumann et al., 
EMBO J. 2 (1 982), 841 - 845; and Wigler et al., Cell 11, 1 977, pp. 223-232. 

[0063] The DNAsequence encoding the receptor may encode a tyrosine kinase receptor, such as acolony stimulating 

25 factor 1 (CSF-1), platelet-derived growth factor (PDGF), epidermal growth factor (EGF), transforming growth factor 
(TGF), nerve growth factor (NGF), insulin, insulin-like growth factor 1 (IGF-1) receptor, etc.; a G-protein coupled re- 
ceptor, such as a Gi-coupled, Gq-coupled or Gs-coupled receptor, e.g. a muscarinic receptor (e.g. the subtypes ml, 
m2, m3, m4, m5), dopamine receptor (e.g. the subtypes D1, D2, D4, D5), opiate receptor (e.g. the subtypes u. or 5), 
adrenergic receptor (e.g. the subtypes a1A, a1B, a1C, a2C10, a2C2, a2C4), serotonin receptor, tachykinin receptor, 

30 luteinising hormone receptor or thyroid-stimulating hormone receptor (for further information on G-protein coupled 
receptors, vide M. Brann (ed.), Molecular Biology of G-Protein Coupled Recectors, Birhauser, Boston, 1992). 
[0064] Receptors that couple to the G-protein Gs may be able to induce p-gal when expressed with a ch imera between 
Gs and Gq (eg. Gq-s5). Alternatively, cells that respond to changes in Gs activity or cAMP could be used instead of 
the NIH 3T3 cells. Likely candidates are RAT 1 cells where cAMP is known to have significant effects on cellular growth 

35 (Pace et al. Proc. Nati. Acad. Sci . 8B:7031-7035 (1991)), and certain pituitary cell lines where growth is sensitive to 
changes in the Gs pathway (vallar et al. Nature 330:556-558 (1 987)). A third possibility is to prepare chimeric receptors 
such that the ligand binding domain of a given Gs-coupled receptor is fused with the G-protein coupling domain of a 
Gq coupled receptor. Such chimeras have been reported for ml muscarinic (Gq) and p-adrenergic receptors (Wong et 
al. J. Biol. Chem. 265:621 9-6224 (1 990)). 

40 [0065] Several receptors have recently been identified that do not have intrinsic tyrosine kinase activity, but are able 
to stimulate the activity of tyrosine kinases endogenous to various cells including NIH 3T3 cells. One example is the 
GM-CSF receptor which induces foci in NIH 3T3 cells when activated by ligand (Areces et al. Proc. Natl. Acad. Sci. 
USA 90:3963-3967 (1 993)). Like the tyrosine kinase receptors, these receptors may be assayed by the present method. 
[0066] Recently, several receptors have been identified which have intrinsic tyrosine phosphatase activity. For use 

45 in the present method, tyrosine phosphatase receptors may be co-expressed together with a tyrosine kinase receptor. 
It is likely that these receptors could reverse tyrosine phosphorylation by tyrosine kinase receptors, and thus inhibit 
signals mediated by these receptors. 

[0067] Transcription factors may be assayed by constructing vectors where the DNA binding target of a transcription 
factor is engineered to control the expression of a gene that stimulates cellular growth. Thus, if a ligand were to suppress 
50 the function of the transcription factor (or compete for the DNA binding site), expression to the growth controlling gene 
would be suppressed (Spanjaard et al. Mol. Endocrinology. 7:12-16 (1993)). 

[0068] Receptors of the retinoic acid/steroid super family of receptors could be assayed by preparing chimeras be- 
tween the ligand binding portions of these receptors, with proteins that stimulate cellular growth by acting as transcrip- 
tion factors. Chimeras between the glucocorticoid receptors and the oncogene c-fos allow glucocorticoids to stimulate 
55 foci in NIH 3T3 cells (Superti-Furga et al., Proc. Natl. Acad. Sci. USA 88:5114-5118 (1991)). 

[0069] Many gene products that can induce ligand-independent growth may also be conveniently assayed by the 
present method. Many proteins that induce ligand-independent growth are mutant forms of receptors. Examples include 
forms of the trk A receptor, mutant forms of EGF receptors, the neu oncogene (Wong et al. Proc. Natl. Acad. Sci. USA 
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69: 2965-2969 (1992); Schlessinger et al. Neuron 9:383-391 (1992)). Also, many of these proteins are mutant forms 
of signal transducing proteins such as G-proteins (Barbacid Ann. Rev. Biochem. 56:779-827 (1987)). In principle, the 
advantage of the present method in this application is that general effects of compounds on growth can be distinguished 
from specific effects on the activity of the oncogene. This may be achieved by measuring overall cell growth and viability 
s of the culture in parallel with the specific marker present in the transfected cells. Since the majority of cells are not 
transfected, general effects on cell growth must be nonspecific. 

[0070] It is further envisaged that the receptor may be a ligand- or voltage-gated ion channel. Ligand-gated channels 
include subtypes of nicotinic acetylcholine receptors, GABA receptors, glutamate receptors (NMDA or other subtypes), 
subtype 3 of the serotonin receptor or the cAMP-regulated channel that causes cystic fibrosis. Voltage-gated ion chan- 

10 nels include subtypes of potassium, sodium, chloride or calcium channels (cf. Lester, Science 241 , 1988, p. 1057; 
Nicoll, Science 241 , 1988, p. 545). To assay these channels, cells may be incubated under ionic conditions where 
activation (or inactivation) of the channel will yield a net change in ion flow. The cells could be genetically modified to 
increase the effect of changing intracellular ion channel concentration on cell amplification. For example, calcium chan- 
nels may be assayed by co-transfecting the desired channel with an oncogene which is sensitive to calcium levels. 

15 [0071] According to the present method, any agonist activity of the test substance may be determined by an enhanced 
effect of the receptor on growth of the receptor-transfected cells relative to a background of cells which have not been 
transfected with the receptor. Although an enhanced effect may be measured as either an increase or decrease in 
growth, the enhanced effect of the receptor in the presence of an agonist is most usually detected as enhanced am- 
plification of the receptor-transfected cells. 

20 [0072] According to the present method, any antagonist activity of the test substance may be determined by inhibition 
of the effect of the receptor on growth of the transfected cells relative to a background of cells which have not been 
transfected with the receptor. Although an inhibition of the effect may be measured as either an increase or decrease 
in growth, the inhibition of the effect of the receptor is typically detected as an inhibition of amplification of the receptor- 
transfected cells. In a particular embodiment, the test substance is incubated with the transfected cells in the presence 

25 of an agonist of receptor stimulation of cell amplification. Inhibition of cellular amplification by the agonist shows the 
presence of an antagonist. 

[0073] In the transfected cells, the marker may be the transfected receptor DNA or the transcribed receptor mRNA. 

The presence of receptor DNA or mRNA may be determined by DNA amplification and/or hybridisation techniques. 

[0074] For hybridisation purposes, DNA may be isolated from the cells and digested with a suitable restriction en- 
30 don uclease. After digestion, the resulting DNA fragments may be subjected to electrophoresis on an agarose gel. DNA 

from the gel may then be blotted onto a nitrocellulose filter and hybridised with a radiolabeled oligonucleotide probe. 

The probe may conveniently contain a DNA fragment of the receptor gene (substantially according to the method of 
. E.M. Southern, J. Mol. Biol. 98, 1975, pp. 503). 

[0075] For amplification purposes, total mRNA isolated from the cells may be reverse transcribed to prepare a cDNA 
35 library. cDNA encoding the receptor may then be amplified by polymerase chain reaction (PCR) using oligonucleotide 

primers corresponding to segments of the gene coding for receptor in question and detected by size on an agarose 

gel. Amplified receptor cDNA may also be detected by hybridisation to a radiolabeled oligonucleotide probe comprising 

a DNA sequence corresponding to at least part of the gene encoding the receptor. This method is described by, e.g., 

Sambrook et al., supra. 

40 [0076] The marker may also be an enzyme, a binding protein or an antigen. In this case, the cells are transfected 
with a DNA sequence encoding the marker in question. 

[0077] Examples of enzymes useful as markers are phosphatases (such as acid or alkaline phosphatase), (5-galac- 
tosidase, urease, glucose oxidase, carbonic anhydrase, acetylcholinesterase, glucoamylase, malate dehydrogenase, 
glucose-6-phosphate dehydrogenase, (5-glucosidase, proteases, pyruvate decarboxylase, esterases, luciferase, alco- 

45 hoi dehydrogenase, or peroxidases (such as horseradish peroxidase). 

[0078] To visualize enzyme activity in the present method, a substrate must be added to catalyse a reaction the end 
product of which is detectable. Examples of substrates which may be employed in the method according to the invention 
include o-nitrophenyl-p-D-galactopyranoside, 5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside, chloronaphthole, o- 
phenylenediamine, 3-(p-hydroxyphenyl) propionic acid, luminol, indoxyl phosphate, p-nitrophenylphosphate, nitroph- 

50 enyl galactose, 4-methyl umbelliferyl-D-galactopyranoside, HgOg/tetramethylbenzidine or luciferin. 

[0079] Examples of binding proteins which may be used in the present method are avidin or streptavidin which may 
be detected with labelled biotin. Suitable sustances for labelling biotin may be fluorescent tags (e.g. fluorescein, phy- 
coerythrin, phycocyanin) or marker enzymes (for instance one of the enzymes mentioned above). Other possible bind- 
ing proteins are lectins, in particular plant lectins such as lentil lectin or wheat lectin. Lectins may be visualised by 

55 means of carbohydrates capable of binding to the respective lectins. Such carbohydrates may be labelled with the 
same substances as described above for biotin. 

[0080] Examples of antigens which may be used in the present method are HLA or c-myc. Antigens may be visualised 
by means of labelled antibodies reactive with the respective antigens. The antibodies may be labelled with the same 
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substances as those described above for biotin. 

[0081] The marker is preferably an enzyme, in particular p-galactosidase encoded by the E. coli lacZ gene, or firefly 
luciferase. The DNA encoding the marker enzyme may be present on the vector which carries the receptor DNA, or it 
may be present on a separate vector which is then co-transfected with the vector carrying the receptor DNA. 
s [0082] In a particularly preferred embodiment of the single receptor format, the present method comprises 

(a) transfecting cells with DNA encoding the receptor and with DNA encoding a marker enzyme, 

(b) dividing the transfected cells into several identical aliquots, 

10 

(c) incubating each aliquot with one or more test substances for a period of time sufficient to distinguish between 
stimulated and n on -stimulated receptors, and 

(d) determining any change in cell growth by measuring marker enzyme activity in each aliquot. 

is 

[0083] To control for non-specific effects on cell growth in step (d), the amount of marker enzyme expressed by 
stimulated cells may be compared to the amount of a second and easily distinguishable marker enzyme expressed by 
non-transfected cells mixed into the culture before addition of the test substance. The advantage of using two different 
enzymes as markers according to the method of the invention is that the time needed to distinguish between stimulated 
20 and non-stimulated cells is relatively brief. There is no need to wait for several days until foci have formed on a culture 
plate and, in practical terms, the distinction can be made before it is necessary to change the medium in the plates. 
Furthermore, if the enzyme reaction is chromogenic or luminescent, no separation of substrate is required before 
detection. 

[0084] Figure 2 is a schematic representation of a strategy for using cell growth as a convenient assay of ligand 
25 interaction with a single receptor. A high concentration of receptor DNA and a convenient marker DNA (eg. DNA coding 
for p-galactosidase) are used to transfect NIH 3T3 cells using calcium phosphate precipitation. Alternatively, the re- 
ceptor and marker could be incorporated into the same plasm id. Using these conditions, a minority of cells would 
actually be transfected, and the majority of transfected cells will express both DNAs. In cultures that are grown in the 
absence of any ligand, ail of the cells would have similar growth characteristics, and in theory the amount of marker 
30 found in the culture after a given time in culture would be proportional to the percentage of cells that were initially 
transfected with the marker If the cells are incubated in the presence of a ligand that stimulates the receptor (agonist), 
the receptor-transfected cells will have a positive growth advantage relative to other cells in the culture. Since the 
majority of receptor-transfected cells also express the marker, then the amount of marker will be increased in the final 
cultures. 

35 

Multiple Receptor Format 

[0085] In another embodiment of the present method, the cells are transfected with DNAs encoding two or more 
distinct receptors, each transfected cell expressing an individual receptor. This should be taken to mean that statistically 

40 each cell has been transfected with one individual receptor only This may be obtained by using only small amounts 
of receptor DNA for transfection so that the DNA encoding any one particular receptor constitutes only a small per- 
centage of the total DNA used for transfection, for instance by using carrier DNA or by transfecting the cells simulta- 
neously with a number of different receptor DNAs. In the latter case, very few of the cells will be transfected with more 
than one receptor DNA although it cannot be excluded that other receptor DNAs may also be present in minor quantities 

4S in some of the cells. However, only the cells containing a receptor stimulated by the particular ligand added to the cells 
will be amplified according to the method (and thus become visible in the assay). As an altemive to this procedure, 
separate cell cultures may be transfected with each of the receptors and subsequently mixed before addition of the 
test substance(s). 

[0086] Transfection procedures are otherwise as described above for the single receptor format. Likewise, the re- 
50 ceptor types used for transfection are the same as indicated above. Because the strength of responses are related to 
signal transduction type, the best results would be obtained by testing receptors of the same class together, e.g. Gq- 
coupled receptors such as a1A, B and C adrenergic receptors, ml, m3 and m5 muscarinic receptors, S2 and 1c 
serotonin receptors; Gi-coupled receptors such as m2 and m4 muscarinic receptors, D2 and D4 dopamine receptors, 
le and 1 d serotonin receptors; trk A, B and C receptors, EG F and PDGF receptors; adenosine receptors, ct2 adrenergic 
ss receptor subtypes, somatostatin receptors, opiate u. and 8 receptors; oncogenes such as ras, p53, neu oncogenes, or 
oncogenic forms of the trk, EGF, PDGF, etc., receptors. 

[0087] Suitable markers are described above. However, it may be particularly advantageous to include different 
markers in the method of the invention such that cells expressing a given receptor also express a marker which is 
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distinguishable from a marker expressed by cells transfected with another receptor (to make it easier to distinguish 
between the different receptors) . To be distinguishable, enzymatic markers should not overlap in their substrate spe- 
cificities (e.g. alkaline phosphatase and p-galactosidase). The substrates and detection mechanisms should therefore 
be selected for assays that can be distinguished (e.g. alkaline phosphatase to give a black reaction product and fi- 

5 galactosidase to give a yellow reaction product). Alternatively, chromogenic and luminescent detection may be com- 
bined (e.g. (J-galactosidase and firefly luciferase). In this case, the reactions may easily be distinguished because p- 
galactosidase yields a chromogenic product when reacted with o-nitrophenyl-p-D-galactopyranoside, while luciferase 
yields a luminescent product when reacted with luciferin. Luminescent reactions have the added advantage of yielding 
a labile product (light). Thus, several luminescent enzymatic reactions may be performed sequentially in the same 

10 reaction mixture. 

[0088] In one particularly preferred embodiment of the multiple receptor format, the present method comprises 

(a) transfecting cells with DNAs encoding two or more distinct receptors, each transfected cell expressing an 
individual receptor, and with DNA encoding a marker enzyme, 

75 

(b) dividing the transfected cells into several identical aliquots, 

(c) incubating each aliquot with one or more test substances for a period of time sufficient to distinguish between 
stimulated and non-stimulated receptors, 

20 

(d) determining any change in cell growth by measuring marker enzyme activity in each aliquot, identifying active 
ligands by their ability to after cell growth characteristics, and 

(e) identifying which receptor is activated by the ligand by subjecting each receptor to the method described above 
25 in steps (a)-(d) of the Single Receptor Format, 

[0089] In another particularly preferred embodiment of the multiple receptor format, the present method comprises 

(a) transfecting cells with DNAs encoding two or more distinct receptors, each transfected cell expressing an 
30 individual receptor, and with DNA encoding a marker enzyme, 

(b) dividing the transfected cells into several identical aliquots, 

(c) incubating each aliquot with one or more test substances for a period of time sufficient to discriminate between 
35 stimulated and non-stimulated receptors, 

(d) determining any change in cell growth by measuring marker enzyme activity in each aliquot, identifying active 
ligands by their ability to alter cell growth characteristics, and 

40 (e) identifying which receptor is activated by the ligand by assaying the receptor DNA and/or mRNA by DNA 

amplification and/or hybridisation techniques. 

[0090] In yet another particularly preferred embodiment of the multiple receptor format, the present method comprises 

45 (a) transfecting cells with DNAs encoding two or more distinct receptors, each transfected cell expressing an 

individual receptor, and with DNAs encoding two or more marker enzymes, such that cells expressing a given 
receptor express a marker which is distinguishable from a marker expressed by cells transfected with another 
receptor, 

so (b) dividing the transfected cells into several identical aliquots, 

(c) incubating each aliquot with one or more test substances for a period of time sufficient to distinguish between 
stimulated and non-stimulated receptors, 

55 (d) determining any change in cell growth by measuring marker enzyme activity in each aliquot, identifying active 

ligands by their ability to alter cell growth characteristics, and 

(e) identifying which receptor is activated by the ligand by adding a substrate for each individual marker enzyme 
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followed by assay. 

[0091] These embodiments of the present invention are based on the principle that if instead of a series of mutant 
versions of a single receptor, multiple receptor types were transfected together and grown in the presence of a ligand, 
5 a large number of receptors and possibly also potential ligands could be tested simultaneouly, thus saving time in a 
drug screening programme. The receptor or receptors that the ligand is able to activate would lead to an amplification 
of cells that express that receptor, and thus the receptors that are activated by a given ligand could be identified in the 
culture, for instance by DNA amplification techniques. 

[0092] A number of configurations of the Multiple Receptor Format are technically feasible. Figure 1 0 presents the 
10 general concept of the Multiple Receptor Format. Here two receptors are transfected into NIH 3T3 cells using low 
concentrations of receptor DNA. Under these conditions a minority of cells would be transfected, and those that are 
transfected will normally only express a single receptor. Rarely, both receptors will be expressed in a given cell. If the 
culture is grown in the presence of ligand with agonist activity against R1 then R1 transfected cells will be amplified in 
the culture. For the cells where R2 was also expressed with R1 then some R2 will also be amplified. The amount of 
is receptor amplification could be determined by having distinguishable markers expressed on each of the receptor plas- 
mids, or alternatively by detecting the receptor mRNA of DNA directly by means of DNA amplification techniques. 
[0093] One configuration of the Multiple Receptor Format is illustrated in figure 11 . Here multiple receptors are co- 
expressed with a single marker. Activation of one or more of the receptors will result in induction of the marker, and 
identify the test ligand as having activity. Which of the receptors was activated could then be determined by screening 
20 against each receptor in isolation. This approach should have utility in mass screening of compounds for ligand activity 
against multiple receptor targets. An alternative approach to identifying which receptor was activated would be to 
measure receptor mRNA and/or DNA by DNA amplification techniques as illustrated in figure 14. The latter approach 
is likely to have considerable utility in the analysis of ligands as either antagonist or as inhibitors of receptors that have 
intrinsic activity (e.g., oncogenes). 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0094] Figure la is a plot of the number of foci vs. concentration of m5 DNA. Figure 1 b is a plot of the number of foci 
vs. concentration of carbachol. Cells were stained and foci counted 2 weeks after carbachol treatment. Experiments 
30 were performed in 10 cm plates, and carbachol (1 00 u.M) was applied 2 days after transfection, and was changed every 
3-4 days. 

[0095] Figure 2 is a schematic drawing of the Single Receptor Format, where agonist induction of receptor is detected 
as p-galactosidase activity. Receptor DNA and p-galactosidase DNA are co-transfected using a high concentration of 
both DNA's, conditions where the majority of cells that are successfully transfected will be transfected with both DNA's. 
35 Using the calcium phosphate precipitation procedure described below, only a minority of cells in the culture will be 
transfected. In the illustrated example, cells divide once a day, and the presence of an agonist ligand doubles the rate 
of division (*) of cells transfected with the receptor. 

[0096] Figure 3a illustrates the time<ourse of human nerve growth factor (NGF) stimulation of P-galactosidase ac- 
tivity in cells transfected with the human trk A receptor. Illustrated is a bar graph of the absorbance at 420 vs. days of 
40 incubation in the presence or absence of 1 0 nM NGF. Figure 3b illustrates the dose-response relationship of NGF and 
NT3 after three days of treatment. 

[0097] Figure 4 illustrates the time-course of carbachol stimulation of p-galactosidase in cells tranfected with m5 and 
m2 muscarinic receptors. 

[0098] Figure 5 is a schematic drawing showing an example protocol that can be used to assay receptors in a Single 
45 Receptor Format. 

[0099] Figure 6a illustrates the dose-response relationships of ml, m3 and m5 muscarinic receptors. Figure 6b il- 
lustrates the dose-response relationships of m2 and m4 muscarinic receptors. 

[0100] Figure 7 is a schematic drawing showing a strategy for random-saturation mutagenesis of the m5 muscarinic 
acetylcholine receptor. 

so [0101] Figure 8a illustrates the sequences within the mutated region of eight functional muscarinic receptors that 
were each isolated and sequenced from at least two different foci. The sequence of the wild-type m5 receptor is indi- 
cated at the top (single and three letter codes) followed by the mutant sequences. Base changes that did not alter the 
encoded amino acid are indicated by an (*), and predicted amino acid changes are indicated with conservative sub- 
stitutions in plain type and nonconservative substitutions in bold type. Twenty additional unique sequences were iso- 

ss lated from independent foci. For the 28 mutant receptor sequences, an average of 2.4 amino acid changes were 
observed/receptor. Figure 8b illustrates a comparison of the sequences of the five wild-type muscarinic receptor sub- 
types. Shading indicates identity or conservative substitutions with respect to the sequence of the m5 receptor. Positions 
where only identical or conservative substitutions are tolerated for all five of the receptor subtypes are indicated by an 
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(°). Positions where nonconservative substitutions that are not related to the functional classification of the receptors 
(m2/m4 versus m1/m3/m5) are indicated by an (x). Positions where at least the PMinked muscarinic receptors 
(m1/m3/m5) are conserved are indicated by an (0). Positions where the substitutions are predictive of functional clas- 
sification are indicated by an (*, m1/m3/m5 conserved, nonconserved versus m2/m4, and m2/m4 conserved). Boxed 

5 residues are conserved with respect to positions where no nonconservative substitutions were identified in the mutated 
receptors (indicated below the positions indicated in part C). Figure 8c illustrates a compilation of all amino acid sub- 
stitutions that were identified in at least two independent foci. Amino acid substitutions are listed below the correspond- 
ing amino acid substitution listed in B. Amino acid substitutions are listed once for each independent receptor. Positions 
of amino acid changes that were observed in at least two foci are indicated below the position of the corresponding 

10 wild-type amino acid. These amino acid changes are compiled from the 28 independent mutant receptors isolated from 
the 675 recombinant library. Positions where no nonconservative substitutions were isolated are boxed. Amino acids 
where the other muscarinic receptors are conserved with respect to m5 are also included in these boxes. Figure 8d 
illustrates a compilation of amino acid substitutions observed in 17 clones selected at random from the mutant receptor 
library expressed in E. coll (prior to transfection and selection by transformation of NIH 3T3 cells). An average of 4.2 

is amino acid substitutions were observed per mutant receptor. The presence of stop codons is indicated (Sto). Conserv- 
ative substitutions are defined as members of the following groups: S(Ser), T(Thr), P(Pro), A(Ala), and G(Gly); N(Asn), 
D(Asp), E(Glu), and Q(Gln); H(His), K(Lys), and R(Arg); M(Met), l(lle), L(Leu) and V(Val); F(Phe), Y(Tyr) and W(Trp); 
or C(Cys). 

[01 02] Figure 9 is a schematic drawing showing a helical representation of the mutated domain of the m5 muscarinic 
20 receptor. The domain is viewed from the intracellular space. C-i3 represents the C-terminal region of the i3 loop. Amino 
acid substitutions (from figure 8) are indicated by small letters. Positions where only conserved substitutions were 
isolated are circled. The large outlined and shaded oval encompasses the amino acid positions in which only conserved 
substitutions were observed. This is predicted to be the functionally critical face of the helix. The large shaded oval 
encompasses amino acids positions where nonconserved substitutions were observed at every position. This is pre- 
ss dieted to be a functionally noncritical face of the helix. The large outer circle indicates the numbering of the amino acids 
starting at TM5. Classification of the amino acids with respect to homologies with the other muscarinic receptors are 
indicated on this circle using symbols that are defined in figure 8. Checks indicate positions in the ml muscarinic 
receptor that tolerate radical substitutions as judged by site-directed mutagenesis. 

[0103] Figure 10 is a schematic drawing of an example of the Multiple Receptor Format. In this example, a low 
30 concentration of two receptor DNA's (R1 and R2) are used for transfection. Under these conditions, very few of the 
cells will be simultaneously transfected with R1 and R2. Thus a R1 ligand will selectively amplify R1 -expressing cells. 
[0104] Figure 11 is a schematic drawing of an embodiment of the Multiple Receptor Format where several receptors 
are assayed simultaneously using only p-gal assays. 

[0105] Figure 12 illustrates the responses of cells to the oncogene V-ras. Six well plates of NIH 3T3 cells were 
35 transfected with 1 \ig of V-ras or n-ras and 1 u.g of p-gal cDNA. Assays were performed using the Standard Single 
Receptor format as described in figure 5. Controls were performed using m5 receptor transfected cells without an 
activating ligand. 

[0106] Figure 13 illustrates the agonist and antagonist phenotypes of a mutant m5 receptor. Ten cm plates of NIH 
3T3 cells were transfected with 1 .5 u.g of wild-type m5 (•) or m5-160 mutant receptor (O), and 3 \xg of p-gal cDNA. 

40 Assays were performed as described in figure 5 after incubation in the indicated ligands for four days. 

[01 07] Figure 1 4 is a schematic drawing of an embodiment of the Multiple Receptor Format where several receptors 
are assayed simultaneously using a combination of p-galactosidase and DNA amplification assays. 
[0108] Figure 15 illustrates the ligand and receptor cDNA dose/response relationships of the FP prostanoid (B) and 
ER B endothelin (A) receptors. Ten cm plates of NIH 3T3 cells were transfected with the indicated concentrations of 

*s receptor cDNA. Cells were incubated in wells of a 96 well plate for 4 days with the indicated concentration of ligands. 
All of the transfections also contained 2.5 u.g of the D2 receptor and 2.5 u.g of the p-gal cDNAs. 
[0109] Figure 16 illustrates the maximal ligand-induced responses of the indicated receptors, as assayed using 
cotransfected cultures using a Multiple Receptor Format similar to that described in Figure 11 . Ten cm plates of NIH 
3T3 cells were transfected with 0.5 u.g of each of the five test DNAs, 2.5 u.g of D2 receptor cDNA, and 2.5 jig of 6-gal 

so cDNA. Seven doses of agonist ligands selective for each of the receptors were tested (m1/carbachol: alpha IB/frhe- 
nylephrine. NK1/substance P: ETB/endothelin-3: FP/fluprostenol). Cells were incubated in wells of a 96 well plate for 
4 days with each ligand. Maximal responses were calculated by fitting the data to a model of a single mass-action site. 
Separate experiments demonstrated that each of these ligands were unable to induce responses in the absence of its 
indicated target receptor. 

ss [0110] Figure 17 illustrates the dose-response of wild-type and chimeric alpha 2 adrenergic receptors for the agonist 
UK 14,304. The indicated doses of agonist were assayed using the Single Receptor Format. Five u.g of receptor DNA 
and 5 u.g of beta-gal DNA were used for 10 cm plates. Receptors were incubated with agonist for five days. Data are 
the means of triplicate determinations. The lines are fits of the data to a single mass-action site of action by nonlinear 
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regression. A chimeric construct of a2c10 was prepared using PCR and standing cloning techniques. Specifically, the 
entire i3 loop of the alpha2c!0 was replaced with the majority of the corresponding alpha 1 Ai3 loop. Beta-galactosidase 
was assayed after incubation in ONPG for 24 hours with absorbance read at 420 in the spectrophotometer. 
[0111] The present invention is further illustrated in the following examples which are not to be regarded as limiting 
s in any way to the scope of the invention as claimed. 

EXAMPLES 

A general protocol for the Single Receptor Format 

10 

[0112] Cultures of NIH 3T3 cells (available from the American Type Culture Collection, as ATCC CRL 1658) were 
prepared to 50-60 % confluence. On day one cells were trypsinized, spun down and plated at 1 x 10 6 cells/ 10 cm 
plate in 10 ml Dulbecco's Modified Eagle's Medium (DMEM), 10% calf serum (yield 3-4 10 cm plates from one 175 
cm 2 flask). On day 2, cells were transfected using the calcium phosphate precipitation procedure of Wigler et al. Cell 

is 11: 223-232 (1977). For each plate 5u.g receptor DNA, 5u,g p-gal DNA (P-gal, pSV-p-galactosidase, Promega), 20 u.g 
salmon sperm DNA, 62.5 uJ 2.0 M CaCI 2 , were brought to 0.5 ml with H 2 0. The DNA solution was added dropwise to 
0.5 ml 2x HEPES-buffered saline (280 mM NaCI, 10 mM KCI, 1.5 mM NagHPO^HgO, 12 mM dextrose, 50 mM N- 
(2-hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid) (HEPES), pH 7.05) while gently mixing with air bubbles. On day 
three plates were washed with HANK's balanced saline solution (HBSS) and 10 ml DMEM + 10% calf serum was 

20 added. On day four the cells were trypsinized, spun down and resuspended in 10 ml (DMEM + 10% calf serum). 100 
uJ of the suspension was added to each well of a 96 well plate. A 2x concentration of the test compound in 100 uJ 
DMEM (10% calf serum) was added to each well. Cells were incubated with test substances for three to five days 
without changing media. A modified method of Lim and Chae, Biotechniques 7:576-579 (1989) was used to assay 0- 
gal. On the day of p-gal assay, the media were aspirated and the wells rinsed with 100 uJ phosphate-buffered saline 

25 (PBS). 200 uJ of PBS with 3.5 mM o-nitrophenyl-p-D-galactopyranoside and 0.5 % Nonidet P-40 (Sigma) was added 
to each well and incubated for 4 hrs at room temperature, p-gal responses were linear for several hrs. The absorbance 
of each well was determined by means of a plate reader (BioTec) set to - 405 nm. 

Example 1 

30 

P-galactosidase activity in cells transfected with the trkA receptor 

[01 1 3] Nerve growth factor (NGF) is an agonist for the trk A receptor. NGF-stimulated trk A receptors activate tyrosine 
phosphorylation, and induce foci in NIH 3T3 cells. Figure 3a illustrates data from an experiment where trk A receptor- 

35 transfected cells were grown in the presence or absence of NGF following the general procedure described above. A 
10 cm plate of NIH 3T3 cells were transfected with 5 u.g of trk A receptor DNA (cloned substantially as described by 
Kaplan et al., Science 252, 1991, p. 554, and Martin-Zanca et al., Mol. Cell. Biol. 9, 1989, p. 24) and 5 u.g of p-gal 
DNA. The cells were washed after 24 hrs, and after 48 hrs the cells were transferred to 96 wells of a microtiter plate 
and grown in the presence or absence of NGF for the indicated number of days, p-gal activity was induced by NGF, 

40 with a marked induction observed within three days. The data shown in Figure 3a were means of triplicate determina- 
tions (each from separate wells) +/- SD. Figure 3b illustrates the NGF dose-response relationship for inducing p-gal 
after three days of NGF treatment. The NGF ED 50 of this response was similar to that observed of endogenous NGF 
receptor induced neurite outgrowth in PC 12 cells (Cordon-Cardo et al., CeN 66:173-183 (1991); Chao et al., Neuron 
9:583-593(1992)). 

45 [0114] Also illustrated is the dose-response relationships of the related neutrotrophic factor NT3. Not shown is the 
fact that NGF was not able to induce amplification responses in cells transfected with the trk C receptor subtype, 
consistent with the known selectivity of neutrotrophin receptors (see also table 2). 

Example 2 

so 

&-galactosidase activity in cells transfected with muscarinic receptor subtypes ml , m2, m3, m4 and m5 

[0115] Muscarinic acetylcholine receptors that stimulate phospholipase c (ml , m3, m5) are able to stimulate cellular 
growth and induce foci in NIH 3T3 cells, only when the transfected receptors are activated by ligands that have agonist 
55 activity. In monoclonal lines isolated from NIH 3T3 cells transfected with these receptors, the agonist dose-response 
relationships for stimulation of phospholipase c, stimulation of mitogenesis and foci are identical, and these responses 
are blocked by the muscarinic receptor antagonist atropine. The m2 and m4 muscarinic receptors do not strongly 
stimulate phospholipase c in NIH 3T3 cells, nor do they induce foci. These data indicate that ligand-induced changes 
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in cellular growth can be used as an assay of the pharmacology of some muscarinic receptor subtypes (Gutkind et al., 
PNAS 88, 4703 (1991); Stephens etal., Oncogene 8, 19-26 (1993)). 

[0116] The dose-response relationship of m5 DNA for inducing foci in NIH 3T3 cells is illustrated in figure la. These 
data indicate that the focus response requires low concentrations of DNA (~1ng) and is linear over a wide range of 

5 DNA concentrations (1ng to at least 1 000 ng). For 100 ng of m5 DNA, the dose-response relationship of carbachol for 
inducing foci is illustrated in figure 1 b. Using the calcium phosphate precipitation conditions described above under 
the general protocol, a minority of cells in each culture are actually transfected with DNA. These data indicate that 
under conditions where low concentrations of DNA have been used to transfect a minority of cells within a culture, 
robust ligand-dependent responses are observed. 

10 [0117] Muscarinic receptor subtypes, like many other receptors, are able to selectively interact with functionally dis- 
tinct G-proteins. For example, ml , m3 and m5 receptors selectively stimulate phospholipase c by coupling with the G- 
protein Gq, and m2 and m4 selectively inhibit adenylyl cyclase by coupling with the G-protein Gi. m2 and m4 also 
selectively couple with the G-protein Go (Jones et al., in Molecular Biology of G-protein-coucled receptors, M Brann 
ed. Birhauser Boston, pp 1 70-1 97 (1 992)). One strategy for altering the functional phenotype of a receptor is to express 

is the receptor with a mutant G-protein. For example, if the receptor-coupling selectivity of Gq were changed to that of 
Gi, then m2 and m4 receptors would be able to activate such a mutant Gq. It has recently been shown that the carboxy- 
terminus of G-proteins directs their selectivity for different receptors. In our studies, we tested a chimera between Gq 
and the carboxy-terminal five amino acids of Gi (Gq-i5) or Go (Gq-i5 and Gq-o5 constructs are described in Conklin 
et al., Nature 363 , 1993, p. 274). 

20 [0118] The time-course of carbachol induction of P-galactosidase activity was investigated in NIH 3T3 cells (figure 
4) transfected with m5 and m2 muscarinic receptors. Either 5 u.g of human m5 muscarinic receptor DNA and 5 ng of 
of a control plasmid DNA, or 5 jig of human m2 muscarinic receptor DNA and 5 jig of Gq-i5 DNA (m2/Gq-i5), were 
combined with 5 u.g of p-galactosidase DNA to transfect 10 cm plates. After 48 hrs, the cells were transferred to wells 
of a 96 well plate for immediate treatment with carbachol. Carbachol treatment was continued for the indicated number 

25 of days, and media and carbachol were changed every three days. 

[0119] In the case of the m2 receptor, the G-i5 chimera was co-expressed with with the receptor (5 ng of receptor 
and 5 ng of G-protein). In the absence of expressed G-protein, m2 receptors have no effect on p-galactosidase levels. 
For both the m2/q-i5 and m5 transfected cultures, carbachol was able to significantly induce p-galactosidase levels, 
and this effect reached a plateau at about five days of drug treatment. The abilities of Gq-i5 and Gq-o5 to mediate p- 

30 galactosidase responses were compared to stimulation of m4 receptors by carbachol. The ED50's of carbachol for 
m4/q-i5 was 0.037 +/- 0.046 and for m4/q-o5 was 0.032 +/- 0.047, and both combinations yielded similar maximal 
responses. These data indicate that m4 receptors couple with similar efficiencies to q-i5 and q-o5. 
[0120] Based on the above time-courses and experiments where cell densities were optimized to yield maximal p- 
galactosidase signals, the general protocol for the Single Receptor Format described above was applied. The m1-m5 

35 muscarinic receptors were cloned substantially as described by Bonner et al., Science 237, 1 987, p. 527, and Bonner 
et al„ Neuron 1 , 1988, p. 403. For each of the ml, m3 and m5 muscarinic receptors, NIH 3T3 cells were transfected 
with 5 u.g of receptor DNA and 5 ng of p-galactosidase DNA. For each of the m2 and m4 muscarinic receptors, NIH 
3T3 cells were transfected with 5 jig of receptor DNA, 5 ng of Gq-i5 DNA, and 5 ng of P-galactosidase DNA. Data for 
the ml, m3 and m5 muscarinic receptors were collected 5 days after carbachol treatment, and data for the m2 and m4 

40 muscarinic receptors were collected 4 days after carbachol treatment. No media changes were performed. Data were 
means from three-four independent wells, read directly from the original wells 4 hrs after addition of substrate and 
detergent. Lines are computer generated fits of the data to an equation for a single mass-action site of action. 
[0121] The carbachol dose-response relationships of ml , m3 and m5 transfected cells was investigated (figure 6a). 
Similar experiments were performed with m2 and m4 receptors co-transfected with Gq-i5 (figure 6b). As illustrated, 

45 the general protocol permitted precise determinations of the ED 50 's of carbachol for these five receptors. These values 
are in good agreement with ealier measurements using foci induction (Gutkind et al., Proc. Natl. Acad. Sci. USA 88, 
4703(1991)), mitogenesis (Stephens etal. Oncogene 8: 19-26 (1993)), second messenger and physiological responses 
(Jones et al. MoJ. Pharm. 40: 242-247 1 991 )). Also illustrated is a fit of the data to an equation for a single mass-action 
site of action. As indicated, all of the receptors obeyed this receptor mass-action relationship. Table 1 illustrates the 

50 pharmacologies of several muscarinic agonists and antagonists for the m1-m5 receptors evaluated using this assay. 
All of the antagonist data was in good agreement with parameters that have been previously evaluated using binding 
assays, with the exception that most antagonist have lower potency in these functional assays that in binding assays 
(reviewed in Jones et al. in Molecular Biology of G -Protein Coupled Receptors, op. cit). Also, illustrated is the ability 
of the assay to discriminate between the responses of full and partial agonists. Partial agonist are often difficult to 

55 differentiate from full agonists in functional assays. Difficulties are often due to ceiling effects and receptor spareness. 
In fact, assays rarely combine a high sensitivity to weak partial agonists with an ability to discriminate full and partial 
agonists. 
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Table 1. 



Pharmacology of muscarinic acetylcholine receptors 


Dose-response relationships of muscarinic agonists and antagonists at the five cloned human muscarinic re- 
ceptor subtypes. NIH 3T3 cells were co-transfected with a muscarinic receptor and p-galactosidase CDNAS. The 
m2 and m4 were also CO-transfected with Go-i5 cDNA Amnlifieation a<5<;a\/<5 wprp nprfnrmpH ii ciin n the Qinnle Pa. 

ceptor Format Data represent the mean (± SE) of 2-4 experiments. A. Aqonist Pharmacoloqv. Individual EC C /> and 
maximal responses were derived by nonlinear regression of data from 8-10 concentrations of the indicated ligands, 
with 3-4 replicates per concentration. Maximum responses are indicated as a % of carbachol responses. Maximum 
responses forcarbachol were defined using 200 u,M (ml), 10u.M (m2,m4), 100uJv1(m3)and5uM(m5). B. Antagonist 
Pharmacoloqv. Individual IC 50 values were derived by nonlinear regression of data from fl-m mnrentratinn nf the 
indicated ligands, with 3-4 replicates per concentration. ICso values were converted to Ki values using the Cheng- 
Prusoff equation. Antagonists were evaluated using carbachol at 50 u.M (ml ), 5 uJvl (m2,m4), 10 u.M (m3) and 1 u.M 
(m5). 


A. Pharmacology of Muscarinic Agonists - EC 50 [uM 


(% Max) 


agonist 


ml 


m2 


m3 


m4 


m5 


arecoline 


3.2 ±0.7 


0.025 ±0.001 


0.34 ±0.11 


0.1 3 ±0.05 


0.60 ± 0.05 




(86 ±3) 


(105 ±0) 


(66 ± 9) 


(72 ± 3) 


(77 ±2) 


carbachol 


6.5 ±0.6 


0.10 ±0.04 


1.A±0.7 


0.27 ±0.07 


0.11 ±0.05 




(100) 


(100) 


(100) 


(100) 


(100) 


McN A-434 


1.1 ±0.2 


1.5 ±0.6 


2.2 ± 0.0 


0.12 ±0.02 


1.0 ±0.3 




(43 ±2) 


(108 ±7) 


(38 ±2) 


(84 ±3) 


(57 ± 4) 


muscarine 


2.4 ±0.8 


0.06 ± 0.02 


0.56 ± 0.25 


0.32 ±0.15 


0.39 ±0.18 




(84 ±4) 


(76 ±1) 


(84 ± 6) 


(69 ± 2) 


(B6 ± 0) 


oxotremorine 


0.39 ±0.13 


0.019 ±0.010 


0.21 ±0.06 


0.033 ±0.014 


0.055 ±0.001 




(75 ±10) 


(100 ±5) 


(66 ± 5) 


(102 ±3) 


(74 ±2) 


pilocarpine 


274 ±30 


25 ±1 


35±3 


60 ±16 


27 ±10 




(79 ± 5) 


(107 ±4) 


(54 ±7) 


(71 ±8) 


(71 ±4) 


B. Pharmacology of Muscarinic Antagonists -negative log K, [M] 


atropine 


9.0 ±0.1 


8.3 ±0.3 


8.9 ±0.2 


9.1 ±0.0 


9.1 ±0.0 


pirenzepine 


7.7 ± 0.0 


6.2 ±0.0 


6.6 ±0.2 


7.3 ±0.2 


6.9 ±0.0 


4-DAMP 


B.6 ± 0.0 


7.6 ±0.2 


8.7 ±0.3 


9.1 ±0.1 


9.0 ±0.2 


p-F-HHSiD 


6.6 ± 0.2 


6.3 ±0.1 


7.5 ±0.1 


7.3 ±0.1 


7.1 ±0.2 


methocrtramine 


6.3 ±0.1 


7.6 ±0.1 


<6.0 


6.4 ±0.1 


<6.0 



Example 3 



Luciferase activity in cells transfected with the m5 and m2 (Ga-i5) muscarinic receptors 



[01 22] Following the general protocol described above, amplification of the m5 muscarinic receptor and the m2 mus- 
carinic receptor (co-transfection with Gq-i5) was determined using firefly luciferase (1 uc, pGL2-control vector, Promega) 
as a marker instead of p-galactosidase. Receptor, marker, and G-protein DNA concentrations were identical to those 
described for the p-galactosidase experiments in Example 2. The EDSO's of carbachol were 0.22 +/- 0.1 uJvl for m5 
and 0. 1 4 +/ 0. 1 1 u.M for m2/q-i5 for inducing activity of firefly lucifierase. Firefly luciferase was assayed as recommended 
by the manufacturer (Promega). The data obtained indicate that, like p-galactosidase, firefly luciferase can serve as 
a sensitive marker of muscarinic receptor activation by a ligand. 
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Example 4 

Stimulation of different receptors 

5 [0123] Receptors belonging to several functional categories have successfully been assayed using the the general 
protocol for the Single Receptor Format described above. The results are shown in Table 2 below. These data indicate 
that a wide range of receptors and related molecules can be assayed by our amplification assays. Illustrated are ex- 
amples of receptors for a diversity of transmitters including monoamines, amino acids, peptides and large hormones 
(muscarinic receptors, Bonner et al., Science 237: 527, 1987; Bonner er aL, Neuron 1: 403, 1988; dopamine D2 re- 

io ceptor, Stormann et al., mol. pharm. 37: 1, 1990; tachykinin receptor, Takeda et al., BBRC 179: 1232, 1991; Huang et 
al., BBRC 184: 966, 1992; Gerard et al., JBC 265: 20455, 1990; alpha 1 adrenergic receptors, Cottecchia et aL, PNAS 
85: 7159, 1988; Lomasney et aL, JBC 266: 6365, 1991; alpha 2 adrenergic receptors, Regan et al., PNAS 85: 6301, 
1988; Lomasney et al., PNAS 87: 5094, 1990; endothelin receptors, Arai et al., Nature 348: 730, 1990; Sakurai et al., 
Nature 348: 732, 1990; P53, Baker etal., Science 249: 912, 1990; G-protein mutants, Voyno-Yasenetskaya et al., JBC 

15 269: 4721 . A diversity of signal transduction classes are also illustrated: G-protein coupled receptors, tyrosine kinase 
linked receptors, G-proteins and oncogenes. In a few of these cases, focus assays have been used to assay ligand 
interaction with the illustrated receptors. In many cases, it has been shown that focus assays do not yield measurable 
responses (e.g., m2 and m4 muscarinic receptors with Gq-i5). A detailed analysis of pharmacology of alpha adrenergic 
receptors is also presented in Table 3. 

20 



Table 2. 



25 
30 


Receptors and other proteins that induce amplification responses in NIH 3T3 cells. All clones were tested using 
the single receptor format. Ligands were tested using 7-9 doses in triplicate. R^ indicates the maximum response 
that was observed with each clone in arbitrary units relative to the other clones (++++ highest, + lowest). The known 
signal transduction classes of receptors are indicated (TK = tyrosine kinase). Some receptors (*) required the co- 
expression of the G-protein Gq-i5 to mediate a response. In the case of the mutant-activated clones (oncogenes in 
some cases), the indicated amino acid substitutions caused the proteins to induce significant amplification responses 
in the absence of added ligand. For the indicated wild-type G-proteins, the G-proteins could be assayed when co- 
expressed with a receptor (R). G-proteins are named by the nomenclature of Conklin et al. (Nature 363:274-276, 
1993). m5-164 refers to the constitutively active m5 receptor described in figure 13. 




Receptors Assayed by Amplification 




Receptor 




Ligand EC 50 nM 




R max 


Trans. Class 


35 






Adrenergic 


phenylephrine 


UK 14,304 


Epinephrine 








alpha 1 A 


460 ±30 






+++ 


Gq 




alpha 1 B 


110±20 






+++ 


Gq 


40 


alpha2C10 




200 


430 


+++ 


Gq/Gi 




alpha 2 C2 




690 


1,700 


+++ 


Gq/Gi 




alpha 2 C4 




780 


50 


++ 


Gq/Gi 


45 




Dopamine 


Quinpirole 












D2 


0.5 ±0.4 






++ 


Gi* 






SO 


Endothelin 


ET-1 


ET-2 


ET-3 










0.079 ±0.048 


16±4.1 


2.1 ±1.2 


+++ 


Gq 




ET B 


0.24 ±0.2 


17.6 ±8.5 


0.14 ±0.07 


+++ 


Gq 


55 






Glutamate 


Quisqualate 












metabatropic 


2,400 ± 1 ,400 






+ 
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Table 2. (continued) 



Receptors Assayed by Amplification 


Receptor 




Ligand EC 50 nM 




R max 


Trans. Class 




Insulin 


Insulin 












0.08 + 0.08 






+ 


TK 




Muscarinic 


carbachol 


oxotremorine 


muscarine 






ml 


6,500 ±600 


390 ±130 


2,400 ± 800 


+++ 


Gq 


m2 


100 ±40 


19±10 


60 ±20 


++ 


Gi* 


m3 


1,400 ±700 


210 ±60 


560 ± 250 


+++ 


Gq 


m4 


270 ± 70 


33±14 


320 ±150 


++ 


Gi* 


m5 


110 ±50 


55 ±1 


390 ±180 


+++ 


Gq 




Neurotrophin 


NGF 


NT3 








trkA 


1.2 ±0.6 ng/ml 


> 1000 ng/ml 




++++ 


TK 


trkC 




2.4 ± 1.1 ng/ml 




++++ 


TK 




Prostanoid 


Fluprostenol 


MB28767 








FP 


2±1 






+++ 


Gq 


EP3 




270 ±190 




++ 


Gi 




Tachykinin 


substance P 


neurokinin A 


neurokinin B 






NK1 


7±3 


14±5 


99 ±50 


+++ 


TK 


NK2 


65 ± 6.5 


21±6 


1.3±0.7 


+++ 


TK 


NK3 


164 ±59 


11 ±2 


100 ±20 


+++ 


TK 




Mutant/ 
Activated 












v-ras 








++++ 




P53-H175 








+++ 




p53-W248 








+++ 




G-12-229L 








+++ 




G-q-183C 








++ 




m5-164 








+++ 


Gq 




G-protein 












G-q 








+++ 




G-12 








+++ 

















10 



15 



20 



25 



30 



35 



40 



45 



50 



55 
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Table 3. 



Agonist Pharmacology of cloned alpha2 adrenergic receptors. Dose-response relationships of adrenergic ag- 
onists at three cloned human alpha 2 adrenergic receptor subtypes. NIH 3T3 cells were co-transfected with adren- 
ergic receptor and p-golactosidase cDNAs. Amplification assays were performed using the single receptor format. 
Data represent the mean of 2-3 experiments. Individual EC^ and maximal responses were derived by nonlinear 
regression of data from 8-10 concentrations of the indicated ligands, with 3-4 replicates per concentration. Maximum 
responses are indicated relative to other ligands at a given receptor (++++ highest, + lowest). Overall the C2 and 
C10 mediated more robust responses than C4. (ND) not determined, (±) a very small response was observed, but 
reliable values could not be calculated. 


Agonist Pharmacology of a2 Adrenergic Receptors - EC^ nW Max Response 


Agonist 


cc2-C2 


a2- C4 


O2-C10 


Epinephrine 


1 ,700/++ 


50/+ 


430/++ 


Norepinephrine 


7,200/++ 


2/+ 




f^lnniHino 

OIUl HUli It? 


_i_ 

X 


>1U,UUU/++ 




p-l-Clonidine 


50/+ 






p-NH2-Clonidine 


400/+ 


± 


± 


BHT 920 


>1 0,000/++++ 


>1 0,000/+++ 


>1 0,000/+++ 


BHT 933 


>1 0,000/+++ 


ND 


>1 0,000/++ 


Guanfacine 


2,500/+++ 


± 


4,600/++ 


Prazocin 


8,700/++ 


>1 0,000/++ 


+ 


Oxymetazoline 


220 /+++ 


>1 0,000/+ 


4,600 ++ 


Rilmenidine 


± 


480/+ 


± 


Dexmedetomidine 


2/+++ 


± 


± 


Moxonidine 


1,500/++ 


2,000/+ 


4,400/+++ 


Isoproterenol 


± 


>1 0,000/+ 




UK 14,304 


690/++ 


7B0/+ 


200/+++ 



Example 5 



Random mutagenesis of the m5 muscarinic receptor 

40 

[01 24] To illustrate the utility of the Multiple Receptor Format, the m5 receptor was subjected to random mutagenesis 
over the N-terminal 20 amino acids of the third intracellular loop (N-i3), adjacent to the fifth transmembrane domain 
(TM5), region of the receptor that is involved in coupling to G-proteins. Two PCR products were prepared such that 
the reverse primer (P2) for the first product comprised the entire TM5 domain and the forward primer (P3) for the 
4S second product comprised the entire N-i3 domain To incorporate mutations, an equimolar mixture of the four bases 
were substituted at a 15% rate for wild-type nucleotides during synthesis of the P3 primer. The outer primers (P1 and 
P4) contain Apal and EcoR1 restriction sites for subsequent cloning. The two PCR products were treated with T4 DNA 
polymerase to create blunt ends, ligated to yield concatamers, and restricted with Apal and EcoR1 to release the 
randomly-mutated (*) N13*Apa1/EcoR1 inserts. Inserts were ligated into a Apa1/EcoR1 fragment of the pcD-m5 yield- 
so ing a population of mutant m5 receptor cDNA (pcD-m5-Ni3*). The overall cloning strategy is shown in Figure 7. A cDNA 
library of receptors, each with a different set of random mutations, was used totransfect NIH 3T3 cells. Transfections 
were performed with 450 ng of library cDNA (675 recombinants) per 10 cm plate. The NIH 3T3 cells were grown in the 
presence of 100 u.M carbachol until foci were formed. After 2-3 weeks, macroscopicaliy visible foci are removed from 
the plate, total RNA was extracted, and cDN A synthesized using random-hexamers as primers. These cDNA templates 
55 were used to amplify 1.6 kb fragments using P4 and P5 as PCR primers. P5 is complementary to a plasmid DNA 
sequence that is transcribed but is upstream of the m5 receptor cDNA. Thus, endogenous genomic sequences could 
not be amplified. The PCR products were directly sequenced using Taq polymerase in a cycle-sequencing protocol 
using P1 as a primer. 



18 



EP 0 708 922 B1 

[0125] As illustrated in figures 8 and 9, many different mutant receptors were identified in foci. These data allowed 
predictions concerning the likely structure of the region of the muscarinic receptor that is involved in G -protein-coupling. 
On a technical level these data indicate that when modest concentrations of receptor DNA are used, a single plasmid 
DNA is able to tranfect a NIH 3T3 cell and allow the ligand carbachol to stimulate growth of the cell resulting in a foci, 
s and that the mutant receptor that induced the foci could be identified by DNA amplification procedures. 

Example 6 

Random mutagenesis of the m5 muscarinic receptor assayed by amplification of beta-qalactosidase 

[01 26] Using random mutagenesis strategies analogous to that described in Figure 7, we have introduced mutations 
into regions of the m5 receptor thought to be involved in ligand binding and G-protein coupling. To assay these mutants 
a small scale plasmid preparation is made for each clone. This is performed using mini Qiagen anion exchange columns. 
These DNA preparations are used in transfections and assays in modifications of the Single Receptor Format Modi- 
fy fications involve a proportional scale down in NIH 3T3 cell numbers and DNA amounts from those used tor 10 cm 
plates, to amounts appropriate for individual wells of 6 well or 24 well plates. In the case of transfections performed in 
24 well plates, beta-gal assays are performed directly in the wells used for transfection without an intermediate transfer 
step (e.g., the 10 cm plate to 96 well plate transfer of the standard Single Receptor Format, Figure 5). Using these 
procedures we have screened several hundred clones for a variety of functional phenotypes. To identify mutant recep- 
20 tors that retain the ability to respond to agonist, we screen with high concentrations of agonist. To identify mutants that 
have elevated activity in the absence of ligand, we screen mutants in the absence of agonist and/or in the presence 
of antagonist. One clone that was isolated by this procedure is illustrated in Figure 13. Relative to wild-type, this clone 
has a significantly elevated response in the absence of ligand, and this basal response is blocked by antagonists. 
These data indicate the utility of amplification assays for the identification of receptors with mutant phenotypes. 

25 

Example 7 

Multiplex Receptor Format 

30 [0127] One configuration of the Multiplex Receptor Format is illustrated in Figure 11 . In this example, several recep- 
tors cDNAs are cotrnsfected with beta-gal cDNA into a culture of NIH 3T3 cells. After addition of ligands an effective 
ligand/receptor interaction is identified by a positive beta-gal response. Data supporting the feasibility of this approach 
is illustrated in Figure 15. In these examples, no signal is lost when endothelin and prostenoid receptor DNA is sub- 
stantially reduced in concentration. Empirical data using multiple receptors is illustrated in Figure 16. In this example, 

35 ligand responses to muscarinic, adrenergic, neurokinin, endothelin and prostenoid receptor activation were assayed 
in cotransfected cultures. In this experiment an excess of inactive receptor DNA was used to simulate a 10 fold multi- 
plexed assay (10 receptors assayed simultaneously). 

Example 8 

40 

Disease Gene Assay and Identification 

[01 28] Many diseases are caused by mutations in receptors and/or associated signal transducing proteins. The best 
characterized examples are the oncogenes, but other examples include genes associated with retinitis pigmentosa, 

45 color blindness and insulin dependent or independent diabetes. Other examples will be well known to those skilled in 
the art. Among the best characterized oncogenes are mutant forms of the small G-protein ras. As illustrated in Figure 
12, mutant ras (v-ras), but not wild-rype ras (c-ras), is able to mediate significant responses in amplification assays. 
As summarized in Table 2, other oncogenes such as mutant forms of p53 and the G-protein G12 are able to mediate 
amplification responses. Also as noted in Example 6, a mutant form of the m5 receptor that is active in the absence 

so of agonist was identified by amplification assays. Together these data indicate that amplification assays is a powerful 
approach to both the assay and idenfication of disease genes. The procedure for disease gene identification is as 
follows. 1 ) The coding region of a receptor suspected in a given disease is amplified by PCR. Amplifications can be 
performed using individuals or populations of individuals with disease. 2) The receptor is tested by amplification assays 
for activity in the absence of ligand, and/or inappropriate ligand sensitivity. By "inappropriate ligand sensitivity" is meant 

55 that a mutant form can be expected to respond to ligand at a lower concentration than the wild-type form. In addition, 
mutant forms' elevated activity will also be blocked by antagonist as shown, for example, in Figure 13. Assays can be 
performed one at a time as in Example 6, or several patient DNAs could be tested simultaneously using the Multiplexed 
assays described in Example 7. 



19 



EP 0 708 922 B1 

Example 9 

Assay of Chimeric Receptors 

[0129] Many receptors that do not mediate robust responses in amplification assays can be engineered to mediate 
responses by changing their selectivity for signal transduction pathways. As illustrated in Figure 1 7, the ability of alpha2 
adrenergic receptors to mediate functional responses can be greatly amplified by inserting the third loop of the alphal 
receptor. Alphal receptors efficiently couple to Gq, while alpha2 receptors more efficiently couple to Gi. As suggested 
by this data and others, the third loop is thought to be the primary determinant of coupling selectivity. 



Claims 



1. A method of detecting a substance capable of acting as a ligand, the method comprising, 

is 

(a) incubating, under conditions permitting cell amplification, cells transfected with DNA coding for a receptor 
capable of influencing cell amplification in response to a ligand, the cells comprising a marker of cell amplifi- 
cation, with a test substance which is a potential agonist or antagonist of the receptor, and 

20 (b) after a period of time sufficient to permit cell amplification, determining the presence or absence of ampli- 

fication of cells. 

2. A method according to claim 1 , wherein the cells are transfected with DNA encoding a single receptor. 

25 3. a method according to claim 2, wherein the DNA encodes a tyrosine kinase receptor, G-protein coupled receptor, 
tyrosine kinase activating receptor, tyrosine phosphatase receptor, transcription factor, steroid receptor, oncogene 
or ligand- or voltage-gated ion channel, or a chimeric receptor composed of the ligand-binding region of one re- 
ceptor and the signal transducing region of another receptor. 

30 4. A method according to claim 1 , wherein any agonist activity of one or more test substances is determined by an 
enhanced effect of the receptor on amplification of the transfected cells. 

5. A method according to claim 1 , wherein any antagonist activity of the test substance is determined by inhibition 
of the effect of the receptor on amplification of the transfected cells relative to a background of cells which have 

35 not been transfected with the receptor. 

6. A method according to claim 5, wherein the test substance is incubated with the transfected cells in the presence 
of an agonist of receptor stimulation of cell amplification. 

40 7. A method according to claim 1 , wherein the marker is the transfected receptor DNA, the transcribed receptor 
mRNA, an enzyme, a binding protein or an antigen. 

8. A method according to claim 7, wherein the marker is receptor DNA or mRNA, and its presence is determined by 
DNA amplification and/or hybridisation techniques. 

45 

9. A method according to claim 7, wherein the marker is an enzyme selected from the group consisting of phos- 
phatases (such as acid or alkaline phosphatase), p-galactosidase, urease, glucose oxidase, carbonic anhydrase, 
acetylcholinesterase, glucoamylase, malate dehydrogenase, glucose-6-phosphate dehydrogenase, fi-glucosi- 
dase, proteases, pyruvate decarboxylase, esterases, luciferase, alcohol dehydrogenase, or peroxidases (such as 

50 horseradish peroxidase) . 

10. A method according to any of claims 1-9, the method comprising 

(a) transfecting cells with DNA encoding the receptor and with DNA encoding a marker enzyme, 

55 

(b) dividing the transfected cells into several identical aliquots, 

(c) incubating each aliquot with one or more test substances for a period of time sufficient to distinguish between 



20 



EP 0 708 922 B1 



stimulated and non-stimulated receptors, and 

(d) determining any change in cell amplification by measuring marker enzyme activity in each aliquot. 

1 1 . A method according to claim 1 , wherein the cells are transf ected with D NAs encoding two or more distinct receptors, 
each transfected cell expressing an individual receptor. 

12. A method according to claim 11 , wherein the DNA encodes a tyrosine kinase receptor, G-protein coupled receptor, 
tyrosine kinase activating receptor, tyrosine phosphatase receptor, transcription factor, steroid receptor, oncogene 
or ligand- or voltage-gated ion channel, or a chimeric receptor composed of the ligand-binding region of one re- 
ceptor and the signal transducing region of another receptor. 

13. A method according to claim 11 , wherein any agonist activity of one or more test substances is determined by an 
enhanced effect of one or more receptors on amplification of the transfected cells relative to a background of cells 
which have not been transfected with the receptor. 

14. A method according to claim 11 , wherein any antagonist activity of one or more test substances is determined by 
inhibition of the effect of one or more of the receptors on amplification of the transfected cells relative to a back- 
ground of cells which have not been transfected with the receptor. 

15. A method according to claim 14, wherein the test substance or substances are incubated with the transfected cells 
in the presence of an agonist of receptor stimulation of cell amplification. 

16. A method according to claim 11, wherein the marker is the transfected receptor DNA, the transcribed receptor 
mRNA, an enzyme, a binding protein or an antigen. 

17. A method according to claim 16, wherein the marker is receptor DNA or mRNA, and its presence is determined 
by DNA amplification and/or hybridisation techniques. 

18. A method according to claim 16, wherein the marker is an enzyme selected from the group consisting of (3-galac- 
tosidase alkaline phosphatase, firefly luciferase, alcohol dehydrogenase. 

19. A method according to claim 11 , wherein cells which express a given receptor express a marker which is distin- 
guishable from a marker expressed by cells transfected with another receptor. 

20. A method according to any of claims 11-19, the method comprising 

(a) transf ecting cells with DNAs encoding two or more distinct receptors, each transfected cell expressing an 
individual receptor, and with DNA encoding a marker enzyme, 

(b) dividing the transfected cells into several identical aliquots, 

(c) incubating each aliquot with one or more test substances for a period of time sufficient to d istinguish between 
stimulated and non-stimulated receptors, 

(d) determining any change in cell amplification by measuring marker enzyme activity in each aliquot, identi- 
fying active ligands by their ability to alter cell amplification, and 

(e) identifying which receptor is activated by the ligand by subjecting each receptor to the method according 
to steps (a) -(d) of claim 10. 

21. A method according to any of claims 11-19, the method comprising 

(a) transfecting cells with DNAs encoding two or more distinct receptors, each transfected cell expressing an 
individual receptor, and with DNA encoding a marker enzyme, 

(b) dividing the transfected cells into several identical aliquots, 
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(c) incubating each aliquot with one or more test substances for a period of time sufficient to discriminate 
between stimulated and non-stimulated receptors, 

(d) determining any change in cell amplification by measuring marker enzyme activity in each aliquot, identi- 
fying active ligands by their ability to alter cell amplification, and 

(e) identifying which receptor is activated by the ligand by assaying the receptor DNA and/or mRNA by DNA 
amplification and/or hybridisation techniques. 

22. A method according to any of claims 11-19, the method comprising 

(a) transfecting cells with DNAs encoding two or more distinct receptors, each transfected cell expressing an 
individual receptor, and with DNAs encoding two or more marker enzymes, such that cells expressing a given 
receptor express a marker which is distinguishable from a marker expressed by cells transfected with another 
receptor, 

(b) dividing the transfected cells into several identical aliquots, 

(c) incubating each aliquot with one or more test substances for a period of time sufficient to distinguish between 
stimulated and non-stimulated receptors, 

(d) determining any change in cell amplification by measuring marker enzyme activity in each aliquot, identi- 
fying active ligands by their ability to alter cell amplification, and 

(e) identifying which receptor is activated by the ligand by adding a substrate for each individual marker enzyme 
followed by assay. 

23. A test kit for detecting a substance capable of acting as a ligand, the kit comprising, 

(a) frozen cells transfected with DNA coding for a receptor capable of influencing cell amplification in response 
to a ligand, the cells comprising a marker of cell amplification, said marker being one the expression of which 
is independent of a transcription factor, 

(b) a medium for growing the cells, 

(c) a reagent for detecting the presence and quantity of the marker. 

24. A test kit according to claim 23, wherein the DNA encodes a tyrosine kinase receptor, G-protein coupled receptor, 
tyrosine kinase activating receptor, tyrosine phosphatase receptor, transcription factor, steroid receptor, oncogene 
or ligand- or voltage-gated ion channel, or a chimeric receptor composed of the Itgand-binding region of one re- 
ceptor and the signal transducing region of another receptor. 

25. A test kit according to claim 23, further comprising an agonist of receptor stimulation of cell amplification. 

26. A test kit according to claim 23, wherein the marker is the transfected receptor DNA, the transcribed receptor 
mRNA, an enzyme, a binding protein or an antigen 

27. A test kit according to claim 26, wherein the marker is an enzyme selected from the group consisting of phos- 
phatases (such as acid or alkaline phosphatase), p-galactosidase, urease, glucose oxidase, carbonic anhydrase, 
acetylcholinesterase, glucoamylase, malate dehydrogenase, glucose-6-phosphate dehydrogenase, p-glucosi- 
dase, proteases, pyruvate decarboxylase, esterases, luciferase, alcohol dehydrogenase, or peroxidases (such as 
horseradish peroxidase). 

28. A test kit according to claim 27, wherein the reagent for detecting the presence and quantity of the marker is 
selected from the group consisting of o-nitrophenyl-p-D-galactopyranoside, 5-bromo-4-chloro-3-indolyl-p-D-ga- 
lactopyranoside, chloronaphthole, o-phenylenediamine, 3-(p-hydroxy phenyl) propionic acid, luminol, indoxyl phos- 
phate, p-nitrophenylphosphate, nitrophenyl galactose, 4-methyl umbelliferyl-D-galactopyranoside, h^CVtetrame- 
thylbenzidine or luciferin. 
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29. A test kit for detecting a substance capable of acting as a ligand, the kit comprising, 

(a) frozen cells transfected with DNAs coding for two or more distinct receptors capable of influencing cell 
growth in response to a ligand, each transfected cell, when cultured, expressing an individual receptor, the 
cells further comprising a marker of cell amplification, 

(b) a medium for growing the cells, 

(c) a reagent for detecting the presence and quantity of the marker. 

30. A test kit according to claim 29, further comprising frozen cells transfected with DNA coding for further individual 
receptors, each subsequent receptor being distinct from each of the preceding receptors. 

31. A test kit according to claim 29, wherein the cells are transfected with DNA encoding two or more markers, such 
'5 that cells expressing a given receptor express a marker which is distinguishable from a marker expressed by cells 

transfected with another receptor, the kit further comprising reagents for detecting each of the markers. 

32. A test kit according to claim 29, wherein the DNA encodes a tyrosine kinase receptor, G-protein coupled receptor, 
tyrosine kinase activating receptor, tyrosine phosphatase receptor, transcription factor, steroid receptor, oncogene 

^0 or ligand- or voltage-gated ion channel, or a chimeric receptor composed of the ligand-binding region of one re- 

ceptor and the signal transducing region of another receptor. 

33. A test kit according to claim 29, further comprising an agonist of receptor stimulation of cell amplification. 

2S 34. A test kit according to claim 29, wherein the marker is the transfected receptor DNA, the transcribed receptor 
mRNA, an enzyme, a binding protein or an antigen. 

35. A test kit according to claim 29, wherein the marker is an enzyme selected from the group consisting of phos- 
phatases (such as acid or alkaline phosphatase), p-galactosidase, urease, glucose oxidase, carbonic anhydrase, 

30 acetylcholinesterase, glucoamylase, malate dehydrogenase, glucoses-phosphate dehydrogenase, p-glucosi- 

dase, proteases, pyruvate decarboxylase, esterases, luciferase, alcohol dehydrogenase, or peroxidases (such as 
horseradish peroxidase). 

36. A test kit according to claim 35, wherein the reagent for detecting the presence and quantity of the marker is 
35 selected from the group consisting of o-nitrophenyl-p-D-galactopyranoside, 5-bromo-4-chloro-3-indolyl-p-D-ga- 

lactopyranoside, chloronaphthole, o-phenylenediamine, 3-(p-hydroxyphenyl) propionic acid, luminol, indoxyl phos- 
phate, p-nitrophenylphosphate, nitrophenyl galactose, 4-methyl umbelliferyl-D-galactopyranoside, h^Cytetrame- 
thylbenzidine or luciferin. 

40 37. A method of detecting a mutant form of a wild-type gene, which wild type gene is not capable of mediating cell 
amplification in the absence of ligand, comprising 

(a) incubating, under conditions permitting cell amplification, cells transfected with DNA expected to contain 
a coding region for the mutant form of the gene, the cells comprising a marker of cell amplification, in the 

45 absence of ligand or in the presence of an inappropriate amount of ligand, and 

(b) after a period of time sufficient to permit cell amplification, determining the presence or absence of ampli- 
fication of cells. 

so 38. The method according to claim 37 wherein the mutant form is associated with a disease state. 
39. The method according to claim 38 wherein the mutant form is an oncogene. 

55 Patentanspruche 

1. Verfahren zum Nachweis einer zur Wirkung als Ligand befahigten Substanz, wobei das Verfahren folgendes um- 
fafit: 
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(a) unter Bedingungen, die eine Zellamplifikation erlauben, werden Zellen, die mit DNA, die fur einen zur 
Beeinflussung der Zellamplifikation in Reaktion auf einen Liganden befahigten Rezeptor kodiert, transfiziert 
sind und die einen Marker der Zellamplifikation umfassen, mit einer Testsubstanz, die einen potentiellen Ago- 
nisten Oder Antagonisten des Rezeptors darstellt, inkubiert, und 

5 (b) nach einer zur Zellamplifikation ausreichenden Zeitspanne wird das Vorliegen oder Fehlen der Amplifikation 

von Zellen bestimmt. 

2. Verfahren nach Anspruch 1 , wobei die Zellen mit DNA, die fur einen einzigen Rezeptor kodiert, transfiziert sind. 

io 3. Verfahren nach Anspruch 2, wobei die DNA fur einen Tyrosin-kinase-Rezeptor, einen G-Protein-gekuppelten Re- 
zeptor, einen Tyrosin-kinase-Aktivierungsrezeptor, einen Tyrosin-phosphatase-Rezeptor, einen Transkriptionsfak- 
tor, einen Steroid rezeptor, ein Onkogen oder einen liganden kontrollierten oder spannungskontrollierten lonenkanal 
Oder einen chimaren Rezeptor, der aus einer Ligandenbindungsregion eines Rezeptors und der Signalubermitt- 
lungsregion eines weiteren Rezeptors zusammengesetzt ist, kodiert. 

15 

4. Verfahren nach Anspruch 1 , wobei eine beliebige agonistische Aktrvitat von einer oder mehreren Testsubstanzen 
durch einen verstarkten EinfluQ des Rezeptors auf die Amplifikation der transfizierten Zellen bestimmt wird. 

5. Verfahren nach Anspruch 1 , wobei eine beliebige antagonistische Aktrvitat der Testsubstanz durch die Hemmung 
20 des Einflusses des Rezeptors auf die Amplifikation der transfizierten Zellen relativ zu einem H intergrund von Zellen, 

die nicht mit dem Rezeptor transfiziert sind, bestimmt wird. 

6. Verfahren nach Anspruch 5, wobei die Testsubstanz mit den transfizierten Zellen in Gegenwart eines Agonisten 
der Rezeptorstimulation der Zellamplifikation inkubiert wird. 

25 

7. Verfahren nach Anspruch 1 , wobei es sich bei dem Marker um die transfizierte Rezeptor-DNA, die transkribierte 
Rezeptor-mRNA, ein Enzym, ein Bindungsprotein oder ein Antigen handelt. 

8. Verfahren nach Anspruch 7, wobei es sich bei dem Marker um Rezeptor-DNA oder -mRNA handelt und dessen 
30 Vorliegen durch DNA-Amplifikations- und/oder Hybridisierungstechniken bestimmt wird. 

9. Verfahren nach Anspruch 7, wobei es sich beim Marker um ein Enzym handelt, das aus folgender Gruppe aus- 
gewahlt ist: Phosphatasen (z. B. saureoder alkalische Phosphatase), (i-Galactosidase, Urease, Glucose-oxidase, 
Kohlensaure-anhydrase, Acetylcholinesterase, Glucoamylase, Malat-dehydrogenase, Glucose-6-phosphat-dehy- 

35 drogenase, p-Glucosidase, Proteasen, Pyruvat-decarboxylase, Esterases Luciferase, Alkohol-dehydrogenase 

oder Peroxidasen (z. B. Meerrettich -peroxidase). 

10. Verfahren nach einem der Anspruche 1 bis 9, wobei das Verfahren folgendes umfaBt: 

40 (a) Transfizieren von Zellen mit DNA, die fur den Rezeptor kodiert, und mit DNA, die fur ein Markerenzym 

kodiert, 

(b) Aufteilen der transfizierten Zellen in mehrere identische Aliquotmengen, 

(c) Inkubieren jeder Aliquotmenge mit einer oder mehreren Testsubstanzen fur eine Zeitspanne, die ausreicht, 
um zwischen stimulierten und nicht-stimulierten Rezeptoren zu unterscheiden, und 

45 (d) Bestimmen einer jeglichen Veranderung der Zellamplifikation durch Messen der Aktivitat des Markeren- 

zyms in jeder Aliquotmenge. 

11. Verfahren nach Anspruch 1, wobei die Zellen mit DNAs transfiziert sind, die fur zwei oder mehr verschiedene 
Rezeptoren kodieren, wobei die einzelnen transfizierten Zellen einen individuellen Rezeptor exprimieren. 

so 

12. Verfahren nach Anspruch 11, wobei die DNA fur einen Tyrosin-kinase-Rezeptor, einen G-Protein-gekuppelten 
Rezeptor, einen Tyrosin-kinase-Aktivierungs rezeptor, einen Tyrosin-phosphatase-Rezeptor, einen Transkriptions- 
faktor, einen Steroidrezeptor, ein Onkogen oder einen ligandenkontrollierten oder spannungskontrollierten lonen- 
kanal oder einen chimaren Rezeptor, der aus einer Ligandenbindungsregion eines Rezeptors und der Signaluber- 

55 mittlungsregion eines weiteren Rezeptors zusammengesetzt ist, kodiert. 

13. Verfahren nach Anspruch 11 , wobei eine beliebige agonistische Aktivitat von einer oder mehreren Testsubstanzen 
durch einen verstarkten EinfluB eines oder mehrerer Rezeptoren auf die Amplifikation der transfizierten Zellen 
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relativ zu einem Hintergrund von Zellen, die nicht mit dem Rezeptor transfiziert sind, bestimmt wird. 

14. Verfahren nach Anspruch 11, wobei eine beliebige antagonistische Aktivitat einer oder mehrerer Testsubstanzen 
durch die Hemmung des Einflusses einer oder mehrerer Rezeptoren auf die Amplifikation der transfizierten Zellen 

5 relativ zu einem Hintergrund von Zellen, die nicht mit dem Rezeptor transfiziert sind, bestimmt wird. 

1 5. Verfahren nach Anspruch 1 4, wobei die Testsubstanz oder Testsubstanzen mit den transfizierten Zellen in Gegen- 
wart eines Agonisten der Rezeptorstimulation der Zellamplifikation inkubiert werden. 

10 16. Verfahren nach Anspruch 11 , wobei es sich bei dem Marker urn die transfizierte Rezeptor-DNA, die transkribierte 
Rezeptor-mRNA, ein Enzym, ein Bindungsprotein oderein Antigen handelt. 

17. Verfahren nach Anspruch 16, wobei es sich bei dem Marker urn Rezeptor-DNA oder -mRNA handelt und dessen 
Vorliegen durch DNA-Amplifikations- und/oder Hybridisierungstechniken bestimmt wird. 

15 

18. Verfahren nach Anspruch 16, wobei es sich bei dem Marker urn ein Enzym handelt, das aus der Gruppe: p-Ga- 
lactosidase, alkalische Phosphatase, Feuerfliegen-Lucif erase, Alkohol-dehydrogenase ausgewahlt ist. 

19. Verfahren nach Anspruch 1 1 , wobei Zellen, die einen gegebenen Rezeptor exprimieren, einen Marker exprimieren, 
20 der von einem Marker, der durch mit einem anderen Rezeptor transfizierten Zellen exprimiert wird, unterscheidbar 

ist. 

20. Verfahren nach einem der Anspruche 11 bis 19, wobei das Verfahren folgendes umfaBt: 

(a) Transfizieren von Zellen mit DNAs, die fur zwei oder mehr unterschiedliche Rezeptoren kodieren, wobei 
die einzelnen transfizierten Zellen einen individuellen Rezeptor exprimieren, und mit DNA, die fur ein Mark- 
erenzym kodiert, 

(b) Aufteilen der transfizierten Zellen in mehrere identische Aliquotmengen, 

(c) Inkubieren jeder Aliquotmenge mit einer oder mehreren Testsubstanzen fur eine Zeitspanne, die ausreicht, 
urn zwischen stimulierten und nicht-stimulierten Rezeptoren zu unterscheiden, 

(d) Bestimmen etwaiger Veranderungen der Zellamplifikation durch Messen der Markerenzymaktivitat in den 
einzelnen Aliquotmengen, Identifizieren von aktiven Liganden aufgrund ihrer Fahigkeit zur Veranderung der 
Zellamplifikation und 

(e) Feststellen, welcher Rezeptor durch den Liganden aktiviert worden ist, indem man die einzelnen Rezep- 
toren dem Verfahren gemaB den Stufen (a) bis (d) von Anspruch 1 0 unterwirft. 

21. Verfahren nach einem der Anspruche 11 bis 1 9, wobei das Verfahren folgendes umfaBt: 

(a) Transfizieren von Zellen mit DNAs, die fur zwei oder mehr unterschiedliche Rezeptoren kodieren, wobei 
40 die einzelnen transfizierten Zellen einen individuellen Rezeptor exprimieren, und mit DNA, die fur ein Mark- 

erenzym kodiert, 

(b) Aufteilen der transfizierten Zellen in mehrere identische Aliquotmengen, 

(c) Inkubieren jeder Aliquotmenge mit einer oder mehreren Testsubstanzen fur eine Zeitspanne, die ausreicht, 
urn zwischen stimulierten und nicht-stimulierten Rezeptoren zu unterscheiden, 

45 (d) Bestimmen etwaiger Veranderungen der Zellamplifikation durch Messen der Markerenzymaktivitat in den 

einzelnen Aliquotmengen, Identifizieren von aktiven Liganden aufgrund ihrer Fahigkeit zur Veranderung der 
Zellamplifikation und 

(e) Feststellen, welcher Rezeptor durch den Liganden aktiviert worden ist, durch Bestimmen der Rezeptor- 
DNA und/oder -mRNA durch DNA-Amplifikations- und/oder Hybridisierungstechniken. 

so 

22. Verfahren nach einem der Anspruche 11 bis 1 9, wobei das Verfahren folgendes umfaBt: 

(a) Transfizieren von Zellen mit DNAs, die fur zwei oder mehr unterschiedliche Rezeptoren kodieren, wobei 
die einzelnen transfizierten Zellen einen individuellen Rezeptor exprimieren, und mit DNAs, die fur zwei oder 

55 mehr Markerenzyme kodieren, so daB Zellen, die einen gegebenen Rezeptor exprimieren, einen Marker ex- 

primieren, der von einem Marker, der durch mit einem anderen Rezeptor transfizierte Zellen exprimiert wird, 
unterscheidbar ist, 

(b) Aufteilen der transfizierten Zellen in mehrere identische Aliquotmengen, 
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(c) Inkubieren jeder Aliquotmenge mit einer oder mehreren Testsubstanzen fur eine Zeitspanne, die ausreicht, 
urn zwischen stimulierten und nicht-stimulierten Rezeptoren zu unterscheiden, 

(d) Bestimmen etwaiger Veranderungen der Zellamplifikation durch Messen der Markerenzymaktivitat in den 
einzelnen Aliquotmengen, Identifizieren von aktiven Liganden aufgrund ihrer Fahigkeit zur Veranderung der 

5 Zellamplifikation und 

(e) Feststellen, welcher Rezeptor durch den Liganden aktiviert worden ist, indem man ein Substrat fur jedes 
einzetne Markerenzym zusetzt und anschlieGend einen Test durchfuhrt. 

23. Testpackung zum Nachweis einer Substanz, die zur Wirkung als Ligand befahigt ist, wobei die Packung folgendes 
10 umfaBt: 

(a) gefrorene Zellen, die mit DNA, die fur einen Rezeptor zur Beeinflussung der Zellamplifikation in Reaktion 
auf einen Liganden befahigt ist, kodiert, transfiziert sind, wobei die Zellen einen Marker der Zellamplifikation 
umfassen, wobei es sich urn einen Marker handelt, dessen Expression unabhangig von einem Transkriptions- 

'5 faktorist, 

(b) ein Medium zum Zuchten der Zellen und 

(c) ein Reagenz zum Feststellen der Anwesenheit und der Menge des Markers. 

24. Testpackung nach Anspruch 23, wobei die DNA fur einen Tyros in -kinase- Rezeptor, einen G-Protein-gekuppelten 
20 Rezeptor, einen Tyrosin-kinase-Aktivierungsrezeptor, einen Tyrosin-phosphatase-Rezeptor, einen Transkriptions- 

faktor, einen Steroid rezeptor, ein Onkogen oder einen ligandenkontrollierten oder spannungskontrollierten lonen- 
kanal oder einen chimaren Rezeptor, der aus einer Ligandenbindungsregion eines Rezeptors und der Signaluber- 
mittlungsregion eines weiteren Rezeptors zusammengesetzt ist, kodiert. 

25 25. Testpackung nach Anspruch 23, ferner umfassend einen Agonisten der Rezeptorstimulation der Zellamplifikation. 

26. Testpackung nach Anspruch 23, wobei es sich bei dem Marker urn die transfizierte Rezeptor-DNA, die transkribierte 
Rezeptor-mRNA, ein Enzym, ein Bindungsprotein oder ein Antigen handelt. 

30 27. Testpackung nach Anspruch 26, wobei es sich bei dem Marker urn ein Enzym handelt, das aus folgender Gruppe 
ausgewahlt ist: Phosphatasen (z. B. saure oder alkalische Phosphatase), p-Galactosidase, Urease, Glucose-oxi- 
dase, Kohlensaureanhydrase, Acetylcholinesterase, Glucoamylase, Malat-dehydrogenase, Glucose-6-phosphat- 
dehydrogenase, p-Glucosidase, Proteasen, Pyruvat-decarboxylase, Esterasen, Luciferase, Alkohol-dehydroge- 
nase oder Peroxidasen (z. B. Meerrettich-peroxidase). 

35 

28. Testpackung nach Anspruch 27, wobei das Reagenz zum Nachweis der Anwesenheit und der Menge des Markers 
aus folgender Gruppe ausgewahlt ist: o-Nitrophenyl-p-D-galactopyranosid, 5-Brom-4-chlor-3-indolyl-p-D-galacto- 
pyranosid, Chlornaphthol, o-Phenylendiamin, 3-(p-Hydroxyphenyl)-propionsaure, Luminol, Indoxylphosphat, p-Ni- 
trophenylphosphat, Nitrophenylgalactose, 4-Methylumbelliferyl-D-galactopyranosid, H202/Tetramethylbenzidin 

40 oder Luciferin. 

29. Testpackung zum Nachweis einer Substanz, die zur Wirkung als Ligand befahigt ist, wobei die Packung folgendes 
umfaBt: 

45 (a) gefrorene Zellen, die mit DNAs, die f Or zwei oder mehr unterschiedliche, zur Beeinflussung des Zellwachs- 

tums in Reaktion auf einen Liganden befahigte Rezeptoren kodieren, transfiziert sind, wobei die einzelnen 
transfizierten Zellen bei der Zuchtung einen individuellen Rezeptor exprimieren und die Zellen ferner einen 
Marker der Zellamplifikation umfassen, 
(b) ein Medium zum Zuchten der Zellen und 

50 (c) ein Reagenz zum Feststellen der Anwesenheit und der Menge des Markers. 

30. Testpackung nach Anspruch 29, ferner umfassend gefrorene Zellen, die mit DNA, die fur weitere individuelle Re- 
zeptoren kodiert, transfiziert sind, wobei jeder weitere Rezeptor sich von jedem der vorhergehenden Rezeptoren 
unterscheidet. 

55 

31 . Testpackung nach Anspruch 29, wobei die Zellen mit DNA transfiziert sind, die fur zwei oder mehr Marker kodieren, 
so daB Zellen, die einen gegebenen Rezeptor exprimieren, einen Marker exprimieren, der von einem Marker, der 
von mit einem anderen Rezeptor transfizierten Zellen exprimiert wird, unterscheidbar ist, wobei die Testpackung 
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ferner Reagenzien zum Nachweis der einzelnen Marker umfaBt. 

32. Testpackung nach Anspruch 29, wobei die DNA fur einen Ty rosin -kinase-Rezeptor, einen G-Protein-gekuppelten 
Rezeptor, einen Tyrosin-kinase-Aktivierungsrezeptor, einen Tyros in -phosphatase-Rezeptor, einen Transkriptions- 
faktor, einen Steroid rezeptor, ein Onkogen oder einen ligandenkontrollierten oder spannungskontrollierten lonen- 
kanal oder einen chimaren Rezeptor, der aus einer Ligandenbindungsregion eines Rezeptors und der Signaluber- 
mittlungsregion eines weiteren Rezeptors zusammengesetzt ist, kodiert. 

33. Testpackung nach Anspruch 29, ferner umfassend einen Agonisten der Rezeptorstimulation der Zellamplifikation. 

34. Testpackung nach Anspruch 29, wobei es sich bei dem Marker um die transf izierte Rezeptor-DNA, die transkribierte 
Rezeptor-mRNA, ein Enzym, ein Bindungsprotein oder ein Antigen handelt. 

35. Testpackung nach Anspruch 29, wobei es sich bei dem Marker um ein Enzym handelt, das aus folgender Gruppe 
15 ausgewahlt ist: Phosphatasen (z. B. saure oder alkalische Phosphatase), p-Galactosidase, Urease, Glucose-oxi- 

dase, Kohlensaureanhydrase, Acetylcholinesterase, Glucoamylase, Malat-dehydrogenase, Glucose-6-phosphat- 
dehydrogenase, p-Glucosidase, Proteasen, Pyruvat-decarboxylase, Esterasen, Luciferase, Alkohol-dehydroge- 
nase oder Peroxidasen (z. B. Meerrettich-peroxidase). 

20 36. Testpackung nach Anspruch 35, wobei das Reagenz zum Nachweis der Anwesenheit und der Menge des Markers 
aus folgender Gruppe ausgewahlt ist: o-Nitrophenyl-p-D-galactopyranosid, 5-Brom-4-chlor-3-indoly1-p-D-galacto- 
pyranosid, Chlornaphthol, o-Phenylendiamin, 3-(p-Hydroxyphenyl)-propionsaure, Luminol, Indoxylphosphat, p-Ni- 
trophenylphosphat, Nitrophenylgalactose, 4-Methylumbelliferyl-D-galactopyranosid, HgOg/Tetramethylbenzidin 
oder Luciferin. 

25 

37. Verfahren zum Nachweis einer mutanten Form eines Wildtypgens, wobei das Wildtypgen nicht zur Vermittlung der 
Zellamplifikation in Abwesenheit des Liganden befahigt ist, wobei das Verfahren folgendes umfaGt: 

(a) unter Bedingungen, die eine Zellamplifikation erlauben, werden Zellen inkubiert, die mit DNA transfiziert 
30 sind, von der erwartet wird, daB sie eine Kodierungsregion fur die mutante Form des Gens enthatt, wobei die 

Zellen einen Marker der Zellamplifikation umfassen, wobei die Inkubation in Abwesenheit des Liganden oder 
in Gegenwart einer ungeeigneten Menge des Liganden erfolgt, und 

(b) nach einer Zeitspanne, die zur Zellamplifikation ausretcht, wird das vbrliegen oder das Fehlen der Ampli- 
fikation von Zellen festgestellt. 

35 

38. Verfahren nach Anspruch 37, wobei die mutante Form mit einem Krankheitszustand assoziiert ist. 

39. Verfahren nach Anspruch 38, wobei es sich bei der mutanten Form um ein Onkogen handelt. 

Revendications 

1. Precede de detection d'une substance capable de jouer le role d'un ligand, le procede comprenant les etapes 
suivantes : 

(a) ('incubation, dans des conditions permettant une amplification des cellules, de cellules transferees par un 
ADN codant pour un recepteur capable d'influencer ('amplification des cellules en reponse a un ligand, les 
cellules comprenant un marqueur de ['amplification des cellules, avec une substance d'essai qui est un ago- 
niste ou un antagoniste potentiel du recepteur, et 

(b) apres un laps de temps suffisant pour permettre I'amplification des cellules, la determination de la presence 
ou Tabsence d'amplification des cellules. 

2. Procede selon la revendication 1 , dans lequel les cellules sont transferees avec un ADN codant pour un recepteur 
55 unique. 

3. Procede selon la revendication 2, dans lequel I'ADN code pour un recepteur de la tyrosine kinase, un recepteur 
couple a la proteine G, un recepteur d'activation de la tyrosine kinase, un recepteur de la tyrosine phosphatase, 
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un facteur de transcription, un recepteur steroTdien, un oncogene ou un canal ionique ligand- ou tensio-dependant, 
ou un recepteur chimerique constitue d'une region de fixation au ligand d'un recepteur et de la region de trans- 
duction du signal d'un autre recepteur. 

s 4. Precede selon la revendication 1, dans lequel toute activite agoniste d'une ou plusieurs substances d'essai est 
determinee par un effet accru du recepteur sur i'amplification des cellules transferees. 

5. Precede selon la revendication 1 , dans lequel toute activite antagoniste de la substance d'essai est determinee 
par inhibition de I'effet du recepteur sur I'amplification des cellules transferees, par rapport a un fond de cellules 

io qui n'ont pas ete transferees avec le recepteur. 

6. Precede selon la revendication 5, dans lequel la substance d'essai est incubee avec les cellules transferees, en 
presence d'un agoniste de la stimulation par le recepteur de ('amplification des cellules. 

15 7. Precede selon la revendication 1 , dans lequel le marqueur est I'ADN du recepteur transfecte, I'ARNm du recepteur 
transcrit, une enzyme, une proline de liaison ou un antigene. 

8. Precede selon la revendication 7, dans lequel le marqueur est I'ADN ou I'ARNm du recepteur, et sa presence est 
determinee par des techniques d'amplification et/ou d'hybridation d'ADN. 

20 

9. Precede selon la revendication 7, dans lequel le marqueur est une enzyme choisie dans le groupe comprenant 
les phosphatases (telles que la phosphatase acide ou la phosphatase alcaline), la (5-galactosidase, I'urease, la 
glucose oxydase, I'anhydrase carbonique, I'acetylcholine-esterase, la glucoamylase, la malate dehydrogenase, 
la glucose-6-phosphate dehydrogenase, la p-glucosidase, les proteases, la pyruvate decarboxylase, les estera- 
se ses, la luciferase, I'alcool dehydrogenase ou les peroxydases (telles que la peroxydase du raifort). 

10. Precede selon Tune quelconque des revendications 1 a 9, le precede comprenant les etapes suivantes : 

(a) la transfection de cellules avec un ADN codant pour le recepteur et avec un ADN codant par une enzyme 
30 de marquage, 

(b) la subdivision des cellules transferees en plusieurs aliquotes identiques, 

(c) I'incubation de chaque aliquote avec une ou plusieurs substances d'essai pendant un laps de temps suf- 
55 fisant pour permettre une distinction entre les recepteurs stimules et les recepteurs non-stimules, et 

(d) la determination de tout changement de I'amplification des cellules, par une mesure de I'activite de Penzyme 
de marquage dans chaque aliquote. 

40 11. Precede selon la revendication 1, dans lequel les cellules sont transferees avec des ADN codant pour deux 
recepteurs distincts ou plus, chaque cellule transferee exprimant un recepteur individuel. 

12. Precede selon la revendication 11 , dans lequel I'ADN code pour un recepteur de la tyrosine kinase, un recepteur 
couple a la proteine G, un recepteur d'activation de la tyrosine kinase, un recepteur de la tyrosine phosphatase, 

45 un facteur de transcription, un recepteur steroidien, un oncogene ou un canal ionique ligand- ou tensiodependant, 

ou un recepteur chimerique constituS d'une region de fixation au ligand d'un recepteur et de la region de trans- 
duction du signal d'un autre recepteur. 

13. Precede selon la revendication 11, dans lequel toute activite agoniste d'une ou plusieurs substances d'essai est 
50 determinee par un effet accru d'un ou plusieurs recepteurs sur I'amplification des cellules transferees, par rapport 

a un fond de cellules qui n'ont pas ete transferees avec le recepteur. 

14. Precede selon la revendication 11, dans lequel toute activite antagoniste d'une ou plusieurs substances d'essai 
est determinee par inhibition de I'effet d'un ou plusieurs des recepteurs sur I'amplification des cellules transferees 

55 par rapport a un fond de cellules qui n'ont pas ete transferees avec le recepteur. 

1 5. Prcc6de selon la revendication 1 4, dans lequel la ou les substances d'essai sont incubees avec les cellules trans- 
ferees, en presence d'un agoniste de la stimulation par le recepteur de I'amplification des cellules. 
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1 6. Precede selon la revendication 1 1 , dans lequel le marqueur est I'ADN du recepteur transfecte, I'ARNm du recepteur 
transcrit une enzyme, une proteine de liaison ou un antigene. 

17. Precede selon la revendication 16, dans lequel le marqueur est un ADN ou un ARNm de recepteur, et sa presence 
est determinee par des techniques d'amplification et/ou d'hybridation d'ADN. 

18. Procede selon la revendication 16, dans lequel le marqueur est une enzyme choisie dans le groupe comprenant 
la p-galactosidase, la phosphatase alcaline, la luciferase de la luciole, i'alcool dehydrogenase. 

19. Procede selon la revendication 11, dans lequel les cellules qui expriment un recepteur donne expriment un mar- 
queur qui peut etre distingue d'un marqueur exprime par des cellules transferees avec un autre recepteur. 

20. Procede selon I'une quelconque des revendications 11 a 19, le proedde comprenant les etapes suivantes : 

(a) la transfection des cellules avec des ADN codant pour deux recepteurs distincts ou plus, chaque cellule 
transfectee exprimant un recepteur individuel, et avec un ADN codant pour une enzyme de marquage, 

(b) la subdivision des cellules transferees en plusieurs aliquotes identiques, 

(c) I'incubation de chaque aliquote avec un ou plusieurs substances d'essai pendant un laps de temps suffisant 
pour permettre une distinction entre les recepteurs stimules et les recepteurs non-stimuies, 

(d) la determination de tout changement de I'amplification des cellules en mesurant I'activite de I'enzyme de 
marquage dans chaque aliquote, en identifiant les ligands actifs par leur aptitude a atterer ['amplification des 
cellules, et 

(e) I'identification du recepteur qui est active par le ligand, en soumettant chaque recepteur au procede decrit 
dans les etapes (a)-(d) de la revendication 10. 

30 21. Procede selon Tune quelconque des revendications 11-19, le procede comprenant les etapes suivantes : 

(a) la transfection des.cellules avec des ADN codant pour deux recepteurs distincts ou plus, chaque cellule 
transfectee exprimant un recepteur individuel, et avec un ADN codant pour une enzyme de marquage, 

(b) la subdivision des cellules transferees en plusieurs aliquotes identiques, 

(c) I'incubation de chaque aliquote avec une ou plusieurs substances d'essai pendant un laps de temps suf- 
fisant pour permettre une discrimination entre les recepteurs stimules et les recepteurs non-stimules, 

(d) la determination de tout changement de I'amplification des cellules en mesurant I'activite de I'enzyme de 
marquage dans chaque aliquote, en identifiant les ligands actifs par leur aptitude a alterer I'amplification des 
cellules, et 

(e) I'identification du recepteur qui est active par le ligand, en analysant I'ADN et/ou I'ARNm du recepteur par 
des techniques d'amplification et/ou d'hybridation de I'ADN. 

22. Procede selon I'une quelconque des revendications 11 a 19, le procede comprenant les etapes suivantes : 

(a) la transfection des cellules avec des ADN codant pour deux recepteurs distincts ou plus, chaque cellule 
50 transfectee exprimant un recepteur individuel, et avec des ADN codant pour deux enzymes de marquage ou 

plus, de facon que les cellules exprimant un recepteur donne expriment un marqueur qui peut etre distingue 
d'un marqueur exprime par des cellules transferees avec un autre recepteur, 

(b) la subdivision des cellules transferees en plusieurs aliquotes identiques, 

55 

(c) I'incubation de chaque aliquote avec une ou plusieurs substances d'essai pendant un laps de temps suf- 
fisant pourfaire une distinction entre les recepteurs stimules et les recepteurs non-stimules, 
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(d) la determination de tout changement de I'amplification des cellules en mesurant I'activite de I'enzyme de 
marquage dans chaque aliquote, en identifiant les ligands actifs par leur aptitude a alterer I'amplification des 
cellules, et 

s (e) Identification du recepteur qui est active par le ligand, en ajoutant un substrat pour chaque enzyme de 

marquage individuelle, puis en procedant a une analyse. 

23. Coffret d'essai pour detecter une substance capable de jouer le role d'un ligand, le coffret comprenant : 

70 (a) des cellules congelees, transfectees avec un ADN codant pour un recepteur capable d'influencer I'ampli- 

fication des cellules en teponse a un ligand, les cellules comprenant un marqueur de I'amplification des cel- 
lules, ledit marqueur etant un marqueur dont I'expression est independante d'un facteur de transcription, 
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so 



(b) un milieu pour permettre la croissance des cellules, 

(c) un reactif pour detecter la presence et la quantity du marqueur. 



24. Coffret d'essai selon la revendication 23, dans lequel I'ADN code pour un recepteur de la tyrosine kinase, un 
recepteur coupl§ a la proteine G, un recepteur d'activation de la tyrosine kinase, un recepteur de la tyrosine phos- 

20 phatase, un facteur de transcription, un recepteur steroidien, un oncogene ou un canal ionique ligand- ou tensio- 

dependant, ou un recepteur chimerique constitue d'une region de fixation au ligand d'un recepteur et de la region 
de transduction du signal d'un autre recepteur. 

25. Coffret d'essai selon la revendication 23, qui comprend en outre un agoniste de la stimulation de I'amplification 
25 des cellules par un recepteur. 

26. Coffret d'essai selon la revendication 23, dans lequel le marqueur est I'ADN d'un recepteur transfecte, I'ARNm 
d'un recepteur transcrit, une enzyme, une proteine de liaison ou un antigene. 

30 27. Coffret d'essai selon la revendication 26, dans lequel le marqueur est une enzyme choisie dans le groupe com- 
prenant les phosphatases (telles que la phosphatase acide ou la phosphatase alcaline), la p-galactosidase, I'urea- 
se, la glucose oxydase, I'anhydrase carbonique, I'acetylcholinesterase, la glucoamylase, la malate dehydroge- 
nase, la glucose-6-phosphate dehydrogenase, la p-glucosidase, les proteases, la pyruvate decarboxylase, les 
esterases, la luciferase, I'alcool dehydrogenase ou les peroxydases (telles que la peroxydase du raifort). 

35 

28. Coffret d'essai selon la revendication 27, dans lequel le reactif destine a detecter la presence et la quantite du 
marqueur est choisi dans le groupe comprenant I'o-nitrophenyl-p-D-galactopyrannoside, le 5-bromo-4-chloro-3-in- 
dolyl-fJ-D-galactopyrannoside, le chloronaphtol, l'o-phenyl6nediamine, I'acide 3-(p-hydroxyprtenyl)propionique, le 
luminol, le phosphate d'indoxyle, le phosphate de p-nitrophenyle, le nit rophenylga lactose, Ie4-methyl-umbelliferyl- 

40 D-galactopyrannoside, la h^OgAetramethyl-benzidine ou la luciferine. 

29. Coffret d'essai pour detecter une substance capable de jouer le role d'un ligand, le coffret comprenant : 

(a) des cellules congelees transfectees avec des ADN codant pour deux recepteurs distincts ou plus, capables 
45 d'influencer la croissance des cellules en r£ponse a un ligand, chaque cellule transferee, quand elle est mise 

en culture, exprimant un recepteur individuel, les cellules comprenant en outre un marqueur de I'amplification 
des cellules, 



(b) un milieu pour faire croitre les cellules, 

(c) un reactif pour detecter la presence et la quantite du marqueur. 



30. Coffret d'essai selon la revendication 29, qui comprend en outre des cellules congelees transfectees avec un ADN 
codant pour des tecepteurs individuels supplSmentaires, chaque tecepteur ulterieur &ant distinct de chacun des 

ss recepteurs precedents. 

31 . Coffret d'essai selon la revendication 29, dans lequel les cellules sont transfectees avec un ADN codant pour deux 
marqueurs ou plus, de facon que les cellules exprimant un tecepteur donne expriment un marqueur qui peut etre 
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distingue d'un marqueur exprime par des cellules transferees avec un autre recepteur, le coffret comprenant en 
outre des reactifs pour detecter chacun des marqueurs. 

32. Coffret d'essai selon la revendication 29, dans lequel PADN code pour un recepteur de la tyrosine kinase, un 
s recepteur coupl6 a la proteine G, un recepteur d'activation de la tyrosine kinase, un recepteur de la tyrosine phos- 

phatase, un facteur de transcription, un recepteur steroidien, un oncogene ou un canal ionique ligand- ou tensio- 
dependant, ou un recepteur chimerique constitue d'une region de fixation au ligand d'un recepteur et de la region 
de transduction du signal d'un autre recepteur. 

10 33. Coffret d'essai selon la revendication 29, qui comprend en outre un agoniste de la stimulation par un recepteur de 
I 'amplification des cellules. 

34. Coffret d'essai selon la revendication 29, dans lequel le marqueur est I'ADN d'un recepteur transfecte, I'ARNm 
d'un recepteur transcrit, une enzyme, une proteine de liaison ou un antigene. 

15 

35. Coffret d'essai selon la revendication 29, dans lequel le marqueur est une enzyme choisie dans le groupe com- 
prenant les phosphatases (telles que la phosphatase acide ou la phosphatase alcaline), la (S-galactosidase, I'urea- 
se, la glucose oxydase, I'anhydrase carbonique, ^acetylcholinesterase, la glucoamylase, la malate dehydroge- 
nase, la glucose-6-phosphate dehydrogenase, la p-glucosidase, les proteases, la pyruvate decarboxylase, les 

20 esterases, la luciferase, I'alcool dehydrogenase ou les peroxydases (telles que la peroxydase du raifort). 

36. Coffret d'essai selon la revendication 35, dans lequel le reactif destine a detecter la presence et la quantite du 
marqueur est choisi dans le groupe comprenant I'o-nitrophenyl-p-D-galactopyrannoside, le 5-bromo-4-chloro-3-in- 
dolyl-p-D-galactopyrannoside, le chloro-naphtol, Po-phenyl6nediamine, I'acide 3-(p-hydroxyphenyl)propionique, le 

25 luminol, le phosphate d'indoxyle, le phosphate de p-nitrophenyle, le nitrophenylgalactose, le 4-m6thyl-umbelliferyl- 

D-galactopyrannoside, la HgOgAetramethyl-benzidine ou la luciferine. 

37. Precede de detection d'une forme mutante d'un gene de type sauvage, lequel gene de type sauvage n'est pas 
capable de medier I'amplification des cellules en I'absence d'un ligand, qui comprend les etapes suivantes : 
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(a) f'incubation, dans des conditions permettant I'amplification des cellules, de cellules transferees avec un 
ADN dont on s'attend a ce qu'il contienne une region codante pour la forme mutante du gene, les cellules 
comprenant un marqueur de I'amplification des cellules, en I'absence de ligand ou en presence d'une quantite 
inappropriee de ligand, et 

(b) apres un laps de temps suffisant pour permettre I'amplification des cellules, la determination de la presence 
ou I'absence d'amplification des cellules. 

38. Precede selon la revendication 37, dans lequel la forme mutante est associee a un etat pathologique. 

39. Precede selon la revendication 38, dans lequel la forme mutante est un oncogene. 
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